
I  SPECIFICATION METHOD OF MANUFACTURING SUBSTRATE  TECHNICAL: FIELD [0001]
The present invention relates to a method of manufacluring a substrate
having a microscopic  structure by forming the microscopic structure on a
glass substrate, a resin substrate, a metal substrate or  a ceramic
substrate. BACKGROUND  [0002] In order to form a microscopic structure e of
a micrometer 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
example, Patent Document 1, and  Patent Document 21 [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 hip -purity
glass containing no impurity is  desired robe used, whereby a quartz
substrate is utilized. [0004] Synthetic quartz is synthesized from powder
having been chemically pre pared in order to  reduce impurity quantity. The
synthetic quartz synthesized in this way exhibits high transparency, heat
resistance, and resistance to is chemicals, since it contains title
impurity. However, since impurities are to be remove from the synthetic
quartz, a quartz substrate can not be manufactured by a method in high
productivity. As a result, use of the quartz substrate results in high
cost.  Therefore, the quartz  substrate is to be unsuitable for an element
at low cost. [005]~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  3 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 problem 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 nonvolatile. For this reason, it was not
possible to be industrially utilized that an inexpensive glass  substrate
containing impurities is microscopically Processed via dry etching. [0007]
Incidentally, impurities can be contained in a glass substrate to increase
productivity of the  glass substrate, to adjust a refractive index of the
glass substrate, and to adjust a thermal expansion  coefficient thereof For
example, since sodium carbonate or potassium carbonate is capable of
dissolving a silicic acid as a main component of a glass material,
productivity of the glass substrate can  be improved. Lead oxide is also
capable of increasing a refractive index of the glass substrate. Further,
since a boric acid is capable of decreasing; a thermal expansion
coefficient, heat resistance of the  glass substrate car be improved. In
this way, properties of the glass substrate. can be adjusted in  response
to the item kw which the glass substrate is applied, by containing
impurities in the glass  substrate. For example, when a glass substrate is
used for an optical element such as diffraction grating  and so forth,
properties of the g ass substrate can be adjusted in response to properties
desired for the  optical element, by containing impurities in the glass
substrate, [00081 However, as described above, since a glass substrate
containing impurities is difficult to be  processed via dry etching, a
desired microscopic structure is difficult to be forced on the glass
substrate.  [0009] Further, a microscopic structure is also desired to be
formed on a resin substrate. For  example, an optical element such as
diffraction grating and so firth, a microchip for analysis, a substrate
used for a magnetic recording medium and so forth can be prepared by
forming a microscopic structure  on tale resin substrate. 10010] The
microchip is a chip the 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  triad to many facture 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 it 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  



pattered medium. with a resin sub Irate. is made: by for-ling tine 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 fare patterns have to be formed via dry etching. 3  [0012]
However, ire the case of dry etching conducted 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, [0013] Formation of r microscopic
stucture on a metal substrate is also demanded. For example, a  trial to
manufacture a patterned medium or the like is made by forming fine patterns
on an aluminium  substrate, However, it is difficult to form fine patterns
via mechanical processing. On the other hand,  fine patterns are formed via
dry etching, but it is difficult to form fine patterns on a metal substrate
via  dry etching. Patent Document I.: Japanese Patent 021. Publication No.
1!-2-18031!  Patent Document 13 apaneso Patent 02.1. Publication No.
2006-127590  Non-Patent. Document: Sensors and Actuators A87 (20001)139--
145  DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[00141 the present invention is made to solve the above-described problem,
and it is are 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 impuritics. MEANS TO SOLVE THE PROBLEMS
[0015] Structure 1 of the present invention: A method of manufacturing a
substrate, comprising the  steps of forming an SiO2 film on a surface of a
glass substrata. 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 Si 02 film and dry-etching the  Sit3> film after forming the etching
mask to pattern the Sit}, film. [001.6) St uc ur e 7. of file pr ant
invention: Tine meth ?cl of Stn retire 1, wherein the l qrr d pli se  



deposition process comprises the steps of immersing Ore substrate in an
aqueous solution, and  hydrolyzing a metal-fl uoro complex in the aqueous
solution to form the SiO2 )film on the surface of the  substrate. [000' j S
ructu:e 3 cif the present ialvention: The met od of Structe e 1 or 2,
carherein the class  substrate comprises at least one selected from the
group consisting of boron, sodiuru, potassium, lead.,  aluminum and lithium
as an impurity. 4  EFFECT OF THE INVENT ION [00181 In the present
invention, it is possible to firm a microscopic structure on a substrate by
forming an Si02 film on the surface of the substrate via a liquid phase
deposition process, and chy- etching the Si02 film to pattern the SiO2
film, even though a glass substrate, a resin substrate, a metal  substrate
or a ceramic substrate containing impurities is used as the substrate.
BRl-_ T DES('1 T1ON OF THE DRANNLNGS [00:1.4] Figs. I a, lb, I c and Id
each area cross-sectional view of a substrate to explain a method of
ananufacturing the substrate in an embodiment of the present invention.
EXPLANATION OF NIlls' RALS  [0020] 1 Substrate 2 Si02 film 3 Etching mask 4
Concave-convex shame DE;SCRIVRO.N OFflIE PREFERRED EMBODIMENT'S [0021] A
method of manaatacturing a substrate in an embodiment of the present
invention will be  descziized, refening to Figs. ]a, lh, i c and Id. Figs.
1 a, 1 h, i c ar d 1 d eaciz are a. ross-section al feu  of a substrate to
explain a method of manufacturing the substrate in an embodiment of the
present  invention. Fig. 1 a shoeh s aBross- east canal vie n , of a s
xbstrate, an l Fi . 1b shows a ;Toss-sectional  vie+v of a substrate
ofwhich an Si02 film is formed on the sa r ace. Fu_t;3er, Fig. lc. shows a
Section-81 view of a substrate having an Si02 film tl?ereon, wherein an
etching mask is Thnned on the Sir, film and Fitt. I d shows a
cross-sectional view of a substrate having am SiCP2 film thereon, wherein  



carrcavo- .omv x sl m 4 co responding to an etching mask is formed on the
surface of the Si02 film.  [0022] A glass sui7str;ate, a resin substrate, a
metal substrate or a c ,ramic substrate containing  impurities is used as
subst ate 1 as showrn in fig. Ia. I or example, suibstiate. l
isplate-shaped. The  shape of saih trite 1 is not specifically limited. Sul
strate 1 tnay be disk- haped, and naay also b .  rectangle-shaped. [0023]
Soda ;lass, crystal glass, borosilica to glass or the like is used for a
glass substrate.  Components other than SiEb as a main component of glass
are. designated as inapurities. Examples of 5  tYie impa rities include
components sueli 1 oron adia5 ax ~ siura le mil, ala ~ie_tani acid litli
ucri. At  least one selected fiD n the group consisting of tae
above-described components is (are) contained in a  glass substrate. An
impu ity content in the glass substrate is preferably 10 - 50`.'/, by
weight. For  example, borositicate glass containing 11203, Naz.O or K20,
and Al2Cl3 other than SiO2 asxellas glass  containing l2O3, LiC , Na20 and
other impa ities is used fora glass stib itaate. [0024] Further, a
thermoplastic resin, a thermosetting resin or an acti is ray-curable resin
is used for a  resin substrate. Usable examples of the resin material
include PMMA (polymethacrylate), PC  (polyearbonate), PET (polyethylene
terephthala#e.), cyclic rolyolelin (COP), PI ( lyimide), and so  forth, but
the present invention is not limited thereto. [0025] Further, A!
(aluminum), Ni (rickel), Ta (tantalum), W (tungsten), SUS (stainless) or
the like is  used for a. metal saibstmte. but the present invention is not
limitcil there- to. [0026] F'uataer, A12O (aluminum oxide), TiC)2 (itaiium
dioxide), Si (silicon), SiC' (silicon carbide),  Simi (silicon nitride) or
the like is used for a ceramic substrate, but the present invention is not
limited  thera to. [01197] And, i hownr in izig. lb, Si 2 film- 2 is funned
on the s arfaee of tai st a#e 1 s`iiln3-fon ing  step). In the present
embodiment, SiC)2 film 2 is fumied on the surface of substrate I via. a
liquid phase  deposition process by which a:~a Sir}_ filar is deposited iom
a liquid phase. Specifically, s bstrate 1 is  immersed in an aqueous
solution to form Si ft2 film 2 on the surthec of substrate ':. [0028] The
liquid pha e dep ositinn process is a pros s by wla eh a metal oxiele tihn
is dire tly Pori ied  



on a substrate by ut;lizing e lui.li brium ac ion oi' ;xiet :l-flaoro
comple c ri ui aga.aeous olu on. J 'his  reaction can be represented by the
following chemical fonnulae. Chemical reaction formula (1:) 1~4F 1> nF12O
-> MO,, -a- xF -F- 'all`  Chemical reaction formula (2) I IBQ,,-t 4F;.F f
4F 1f131 +_ 1-1 C} Chemical reacion famltda () exhibits the amain reaction,
and symbol M represents a metal.  [0029] l e me al-Puoro complex. is
lxydroly r.ed fo prod ace a met al a.a*:ide. in thi s 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
e,:tailibriiain reaction in chemical reaction formula (1) is  shifted to
the right side, -whereby deposit7.on reaction of the metal oxide is
accelerated. As shomm in  Fig. I b, ligh-purity Sift; film 2 is formed on
the surface of substrate 1. [9030J And, as shown in Fig. lc. etching mask 3
having predetermined patterns is formed on Si02  film 2 (mask-forming
step). For example, etching mask 3 is formed by a method disclosed in
Japanese  Patent O.P.I. Publication No. 20061.71.1954. Specifically, a$e~
coating a resist on SiC)2 film'2, the resist  surface is exposed to
electron beans, to make predetermined patterns, and deve`oping is conducted
with  a predetemiined developing material to fh-hinx etcl?ing mask 3 having
pr.determinedi patterns. in  addition, etching mask 3 may also be ibrined
by utilizing photolithograplky or an imprinting method.  other than
electron beams. [00-311 And, after funning; etching mask 3 having
predetermined patterns on SiCi2 film 2, substrate I  on which etching mask
3 has been for, ned is subjected to thy etching to fora m concavo-convex
shape 4  corresponding to patterns of etching mask 3 on the surface of
Si(-2 film 2 ass shown in Fig. I d (etching- processing step). In arld
lion, an etching process sirclx as reactive i rn etching, react ve gas
etehint or  the like may be used as dry etching. 100321 It is po ible to
form corxcavo-convex shape 4 on the sacra e. of a glass substrate in
etching  accuracy and etching property identical to those of a quartz
substrate by forming high-purity on the  



surface of sul) rate 1. via, a liquid phase deposition }r:?cess, even
though a glass substrate containing  irnpi aifirs used s snit strafe 1. Asa
result, manufacturing cost is possible. to be reduced by forming a
microscopic stnreture.. on an inexpensive glass substrate containing
impurities to manufacture an  clement. Further, since a microscopic
structure can be formed on a glass substrate v hill ct+ttt oiling  glass
substrate prope ties by containing impurities in the glass substrate, the
glass substrate containing  impurities is possible to he applied to an
optical element and so forth. 10033] Further, in the case of a liquid phase
deposition pr cec s, it is possible to fonn 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 I, as described above.
[00341 For example, it is difficult to fonn fine patterns on the surface of
a resin substrate via dry  etching. but it i s possible to form desired
patterns on a resin substrate by dry-etching SiO 2 film 2 af ter  forming
Si 0-.- filr 2 on the surface of a'resin substrate (substrate 1 . In this
cvay. the resin substrate is  possible to he aI-plied to a magnetic n, c
ord ing medium substrate tised 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. [00351 Further, also in the case of
metal, it is possible to form desired patterns on a metal substrate by  dr
-etching iii} fxli 3 2 after farming Sit) filth 2 ora the saaface sfa met l
substis:te (sal stiatr 1). In 7 this way, the metal substrate is possible
to be applied to a mat netic a cordin medi rm substrate used for  a
pattemed medium or the like, since a microscopic sbmmcture can be fonmxed
on the rectal. [0036] Further,, a ceramic substrate nmay be employed for an
element or a substrate exhibiting higher  hardness to be used than that Of
a glass s:.xbstrate. For example, the ceramic substrate is possible to be
applied to a nano-imprinting mold or a mar etic recording medium substrate.
hi tae case of ceramics,  desired patterns are. possible to be formed on
the ceramic substrate by forming SiC}; film 2 oar the  ceramic substrate,
and dry-etching Si()2 film 2 thereof In this way, since microscopic
processing care  he conducted on the surface, the ceramic substrate is
possible to be applied to a magnetic recording  medium substrate used for a
nano-imprinting mold and a patterned medium. 



[00371 Portlier, when r substrate contaianing iraxpurities is tivasl u d i
r tlx a hydrofiuo is acid defer s aaxd  protrusions tend to be generated on
a substrate because of the impurities. For example, since a r_x r emetic e
.ording me iiaaam substrate is often washed with a hydrofluoric acid,
defects and protrusions  are possibly generated on a glass substrate in
cases where impurities are contained in the glass substrate.  hi contrast
in the case of a method of manufacturing a substrate in the present emb; ii
rent, since big i- puuity 51C?; ED 12 is foamed or. the .surface of
substrate 1. it is possible to suppress generation, of defects  and
protrusions caused by impurities. [0038] Further, since substrate 1 is
immersed in an aqueous solution, SiO7 film 2 can be formed on  both
surfaces of substrate I and edge laces present around the suraces at the
same tune. In this wary,  since SiO2 )film 2 Carr be lbnned on the entire
suface of subst rate 1 in a single filer-forming process, SiC} film 2 can
be easily fbnned without increasing the number of fil?r:-for ng processes
to be carried  out, For this reason, time consumed for film-forming cost
and film formation can i be reduced. [0039] Specifically, si;mce a hard dis
uses lx:th surfaces of a mxagmet c recording media<an as the  recording
region, in the ease of the present invention, a magnet c recording mcdiu m
substrat is possible  to be effectively prepared without increasing the
number of film-forming processes to be carried out. In addition, in Fig.
Ib, for ease of explanation, Situ, film 2 provided on one si rf ce of
substrate 1 is  shown. [011491 Fuatlxer, the surface is possible to be
smoothed by forming Sits film 2 on tJie surface of  substrate I via a
liquid phase deposition process. For example, SiC)x film 2 is filled in
fine grooves and  so for di formed on the surface by forming, S iC 2 film 2
on the surface of substrate l , even. though  substrate I has a large
surface roughness Ra, for example, so that surface roughness 1a is lowered,
resulting in smoothness of the surface possibly achieved. S  EXAMPLE [0041]
1Vext specific exar aples of the fiaF~ going e.Paula rli;aaents xv ill be
descri mod.  (Substrate 1) In the present Example, a plate-shaped glass
substrate is used as substrate 1. Borosil-+icate  glass is used fbr this
glass substrate. Pyrex (registered trademark) glass, produced by Coming
hie, is  



specifically used. This Pyrex (registered trademark) glass contains 81% by
weight of SiGa,13% by  weight ofB2 , 4 o by weight ofNa2C) or 1 20, and
2i'/`o by weight. of:A bC)3 ass a colnposition. [0042] Dirnei star s of
substrate 1 are also shown below. (004-1] Outline of substrate 1.: A.
square, 30 mm on a side  Thickness of substrate 1: 1 mm (.film formation of
Si02 film 2) SiO2 film 2' was foamed on substrate 1 (glass substrite).
Specifically, substrate 1 was  immersed in a mixture solution in which 0.5
m,'.rE t Ot all agiieL 3xs (vclq) 2Si . solution and t). T;1S 1 1. of  an
aqueous F131303 solution were mixed, at room temperature for one hour. in
the presseent  embodiment, Substrate 1 was immersed in the mixture solution
having a volume of 500 mL" As a  result, a 100 nln thick SiC) film was
formed on the surface of'substrate 1. [)044] 111 addition, when an Sir.),
film is f}rrned on a plurality of substrates at once, a lamer volume  of a
mixalre solution is arr anged to he used, arid. substrate 1 is im m eased
iii the mixt.ire solution while  circulating tlae ixtu: solution. (t)Iy
etching) Nexr, coneavo-c:orwex shape 4 is formed on Sir.)? film 2 'via dry
etching. In Example 1, Sit)S  film 2 was etched via inductive coupling type
reactive tan etching (ICi'-1zt1 ;inductive Ce apled  Plasma-Reactive Ion
Etching) employing an IC P-RIE etching apparatus. SiQ film 2 was etched by
plasma-discharg rig C11F3 gas at a pressure of 2.66 Pa to form apillar
array stricture. Specifically,  formed 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
forming sari SiC )2 film on the surface of a substrate; even thought  a
glass substrate. containing impurities is used as substrate 1. [0046] In
addition:, Pyrex (registered trademark) glass produced by Coating Inc. was
used in the  present Example, but the same etching property as that of a
quartz substrate was possi ble to be obtained,  even though employ7Exg'f
EPA X glass (produced by SCHOTT AG) ha,,ing the sank, composition as  that
of Pyrex (registered trademark) glass. 



9 100471 Further, in the present Example, borosilieate glass is used for a
Mass substrate, but the same  etching property as that of a quartz
substrate can be obtained by forming as SIC!2 film on the surfaee of a
substrate similarly to the present Example, even though glass other than
borosilicate glass is used for a  glass substrate. For example, the same
effect as in Example can be produced even though soda glass  or crystal
glass is used for a glass substrate. Further, in the present Example, the
glass substrate is used,  but the same effect as that of the glass
substrate can be produced even though employing a resin  substate, a metal
substrate or a ceramic substrate. 1 s1  CLIS 1. A method of mancstheturing
a substrate, comprising the steps of f gl t3'< k l3&. 31~; aCt 1frC 717r-ty
k'.k.33tell of 1 5 ''r~  fo ruin an 10 titer; c u a sur isce of a ciss su1
Fs by weight, a resin substrate, a metal substrate or a cerarnic substrate
via a liquid phase deposition  process, Ihnning an etching mask having
l7redetermined patterns cn the Si02 131M, and  clay-etc} ing the S 02 Ent
after forming the. etching mask to patterns the Si02 flm,  The method of
Claim 1, Therein the liquid phase do o: ition process comprises the steps
of:  immersing the substrate in an aqueous solution, and hydrolyzing a.
rnetal-tluoro complex in the aq:z ous solo ion to fonn the Sii3z film on
the  sur t'ace of the substrate. 3. The method of Claim 1 or?, wherein the
glass substrate comprises at least one selected horn the group consisting
ofborors,  sodium, potassi.un, lead, aluminum and lithium as a_n impurity, 


