|  SPECI FI CATI ON METHOD OF MANUFACTURI NG SUBSTRATE TECHNI CAL: FI ELD [ 0001]
The present invention relates to a nethod of manufacluring a substrate
having a m croscopic structure by formng the mcroscopic structure on a
gl ass substrate, a resin substrate, a nmetal substrate or a ceramc
substrate. BACKGROUND [0002] In order tg forma mcroscopic structure e of
a mcroneter or less order on the surface of a glass substrate, the
surface of the glass substrate is processed via |lithography and dry etching
since mechanical processing exhibits processing inferior accuracy (for
exanpl e, Patent Docunment 1, and P2PEATFIOATI(ENt 21 [0003] Dry etching is a
met hod by which a substrate is processed with reactive ions or radicals,
and is acconpanied with chem cal reaction. For this reason, a hip -purity
gl ass containing no i NPWIETHOE OFMANUFACPURING SUBSHRITEDY a quartz
substrate is utilized. [0004] Synthetic quartz is synthesized from powder
havi ng been chemcally pre pared in order to reduce inpurity quantity. The
synt het i ?ﬁ;ized in this way exhibits high transparency, heat
resi stance, and resistance to is chemcals, since it contains title
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cost. Thﬁ%ﬁ%ﬁéﬁmTi 2 quartz substrate is to be unsuitable for an el ement
at low cost. [005]~On the other hand, there is an exanple of a glass
substrate containing inpurities, previously having been subjected to dry

et chi ng. strate (produced by Corning Inc.) as Pyrex (registered
tradenarQ§%ggi§§3ﬁK@becificalIy 3 to dry etching (For exanple, Patent
Docurnent [@002! [10 861 to BV ATrosd dRictshEn e 88 1Rfcrdn @Ry 8 ks QRRE orth@ SRS oBRs

Pyrex (registered trademark) glass, it is difficult to bring about
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contains _jmpurities.such.as boron.. sodiu assi u d,so forth. a
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[0003] Dry etching is a method by which a substrate is processed with reactive ions or radicals, and is
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 to 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.

[000S] 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 Corning 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, potassium 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



an etching mask; and the surface was roughened since inpurities are

deposi ted because of those being nonvolatile. For this reason, it was not
possible to be industrially utilized that an inexpensive glass substrate
containing inpurities is mcroscopically Processed via dry etching. [0007]
I ncidentally, inpurities can be containeg in a glass substrate to increase
productivity of the glass substrate, to“adjust a refractive index of the
gl ass substrate, and to adjust a thermal expansion coefficient thereof For
exanpl e, since sodium carbonate or potassium carbonate is capabl e of
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[0010] The microchip is a chip for analysis by which a fine flow path is formed on a substrate, and a
liquid sample such as blood or the like is chemically reacted in a fine space region, and analyzed. A
trial to manufacture the microchip with the resin substrate is made by forming fine patterns on the resin
substrate.

[0011] Further, atrial 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
it is 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.



pattered nedium with a resin sub Irate. is nade: by for-ling tine patterns
On the resin substrate. Since it is difficult to formfine patterns used
for the patterned mediumor the like on the resin substrate via nechani cal
processing, the fare patterns have to be forned via dry etching. 3 [0012]
However, ire the case of dry etching congucted on to the resin substrate,
it is isotropic etching, and anisotropiC etching is difficult to be
conducted, resitting in difficult formation of a desired microscopic
structure on the resin substrate, 3] Formation of r mcroscopic
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manuf act yg i#dc Substrate, which is capable of formng a mcroscopic
structure on a glass substrate, a resin substrate. a nmetal substrate or a
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[ 0015] Structurg, 1 Qf the present in ion:. A net nufacturing a
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[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 SiO, 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 SiO; film, and dry-etching the
Si0; 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 SiO; 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.



deposition process conprises the steps of imersing Ore substrate in an
aqueous solution, and hydrolyzing a netal-fl uoro conplex in the aqueous
solution to formthe Si2 )filmon the surface of the substrate. [000" j S
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invention will be descziized, refening to Figs. ]Ja, |h, i ¢ and Id. Figs.
1 a, 1 h,BRifrBESERIPEL FRE DRAWINGGS- section al feu of a substrate to
explain a nmethod of manufacturing the substrate in an enbodi nrent of the
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Section-81 view of a substrate having an Si02 filmtl ?ereon, wherein an
etching mask is Thnned on the Sir, filmand Fitt. | d shows a

cr 0ss- sediXBRANATION OF NUMEBALSat e having am Si CP2 il m t hereon, wherein
[0020] 1 Substrate

2 SiO, film
3 Etching 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, Icand 1d.  Figs. 1a, 1b, 1c 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
Si0, 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



carrcavo- .onv x sl m4 co responding to an etching mask is forned on the
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deposition process by which an SiO, film is deposited from a liquid phase.  Specifically, substrate 1 is

immersed in an aqueous solution to form SiO, film 2 on the surface of substrate 1.
[0028] The liquid phase deposition process is a process by which a metal oxide film is directly formed
on a substrate by utilizing equilibrium reaction of a metal-fluoro complex in an aqueous solution.  This
reaction can be represented by the following chemical formulae.
Chemical reaction formula (1)

MES™" + nH,0 — MO, +xF + 2nH'
Chemical reaction formula (2)

H;BO; +4H +4F — HBFs+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.
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substrat ormn i gh-purity on the
ace of substrate 1 viaa liquid phase deposition process, even though a glass substrate containing

impurities is used as substrate 1. As a result, manufacturing cost is possible to be reduced by forming a
microscopic structure on an inexpensive glass substrate containing impurities to manufacture an
clement. Further, since a microscopic structure can be formed on a glass substrate while controlling
glass substrate properties by containing impurities in the glass substrate, the glass substrate containing
impurities is possible to be applied to an optical element and so forth.

[0033] Further, in the case of a liquid phase deposition process, it is possible to form a metal oxide
film in a liquid 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 SiO, 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 pattermed 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
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both surfaces of substrate 1 and edge faces present around the surfaces at the same time.  In this way,

since SiO, film 2 can be formed on the entire surface of substrate 1 in a single film-forming process,
SiO; film 2 can be easily formed without increasing the number of film-forming processes to be carried
out. For this reason, time consumed for film-forming cost and film formation can be reduced.

[0039] Specifically, since a hard disk uses both surfaces of a magnetic recording medium as the
recording region, in the case of the present invention, a magnetic recording medium substrate is possible
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, SiO; 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.
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[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 Ion 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 pillars 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 Corning 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.



specifically used. This Pyrex (registered trademark) glass contains 81% by
wei ght of SiGa,13% by weight ofB2 , 4 o by weight of Na2C) or 1 20, and
2i'/ 0 by weight. of: A bC)3 ass a colnposition. [0042] Dirnei star s of
substrate 1 are al so shown bel ow. (004-1] CQutline of substrate 1.: A
square, 30 nmon a side Thickness of sugstrate 1: 1 nm(.filmformation of
Sio2 film2) SI2 film?2' was foanmed on Substrate 1 (glass substrite).
Specifically, substrate 1 was imrersed in a mxture solution in which 0.5
m'.rEt Q& all agiieL 3xs (vclg) 2Si . solution and t). T;1S 1 1. of an
aqueous H08480F wibenimitisrpresent Exarnpe droroailicategass isexgpfora glase substrate het thesame | n

the presseent enbodi nen Substrate 1 J rsed ind m xture sol ution
avi g SOTERESIBTS SUE R Rt §iosFleqt pE OGS Fifng F IO Byt gt
fornmed orsubfi@tesithilafly & 8¢ predehctivamipR, dven tho@didlasd dtherabiglibbiosilicate @B isaBedIbr a ) ,
filmis f}rrned on a plurality of substrates at once, a |lamer volune_ of a

mi xal re s@tsafybstate s Fer examplyelhe semerslied gsin Examplg cansherpsqdueadevean theughisedn sass ed

iii the m ' | Ut 4 [ jr is i ' | 4t d .

et chi ngy Rpl SsS Ruhd 10 M bl T PR e bleih bbbl 18 o yabllely
et chi ng. bunthExanpditecths that df)is gldss substPtanan beprohedd stiea tHonghuaployéngenugih | ng type
reactive tan etching (1G'-1zt1l ;inductive Ce apled Plasnma-Reactive |on

Et chi ng) %‘Eﬂa@ﬁﬁﬁtﬂéﬁgqn@eﬂm?m-appar atus. SiQfilm2 was etched by
pl asma-di scharg rig C11F3 gas at a pressure of 2.66 Pa to formapillar
array stricture. Specifically, fornmed as a pillar array structure in which
a pitch- between pillars was 100 urn, and each pillar had a height of 50
nna. [0045] As described above, in the present Exarnple. the same etching
property as that of a quartz substrate e as possiH e to be obtained by
formng sari SIC )2 filmon the surface of a substrate; even thought a

gl ass substrate. containing inpurities is used as substrate 1. [0046] In
addition:, Pyrex (registered trademark) glass produced by Coating Inc. was
used in the present Exanple, but the sane etching property as that of a
quartz substrate was possi ble to be obtained, even though enploy7Exg'f
EPA X gl ass (produced by SCHOTT AG ha,,ing the sank, conposition as that
of Pyrex (registered trademark) gl ass.




9 100471 Further, in the present Exanple, borosilieate glass is used for a
Mass substrate, but the same etching property as that of a quartz
substrate can be obtained by formng as SICI2 filmon the surfaee 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 evehothough soda glass or crystal
glass is used for a glass substrate. Further, in the present Exanple, the
gl ass substrate is used, but the sane effect as that of the gl ass
substrate can be produced even though €hplMgi ng a resin substate, a neta
substrate or a ceramc substrate. 1 s1 CLIS 1. A nethod of mancstheturing
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rnetal -tluoro cémpinganicwhingeagidiyingagedgemnddpatans opdiwPiOnemstidsz il m on
the sur t'ace %—&%g%ﬂ@ﬁb% eaﬂef’ fonmg tl{é%{cglgng H’B%kotrgﬁ)gtkeﬁl the Q{OE fryherein the

gl ass substrate conprises at [east one-sele e grodp consi sting
of borors, sodium potassi.un, lead, alumnumand lithiumas a n inpurity,

Da 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 SiO; film on the
surface of the substrate.

3. The method of Claim 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.



