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(54) Precursor sol of aluminum oxide, optical member, and method for producing optical member

(57) A precursor sol of aluminum oxide contains a
polycondensate formed by the hydrolysis of an aluminum
alkoxide or an aluminum salt, a solvent, and an organic
aluminum compound having a specific structure. An op-
tical member is produced by a process including a step
of immersing an aluminum oxide film (3) in a hot water
with a temperature of 60°C to 100°C to form a textured
structure (5) made of aluminum oxide crystals, the alu-

minum oxide film (3) being formed by feeding the precur-
sor sol of aluminum oxide (2) onto a base (1). A method
for producing an optical member includes a step of im-
mersing an aluminum oxide film (3) in a hot water with a
temperature of 60°C to 100°C to form a textured structure
(5) made of aluminum oxide crystals, the aluminum oxide
film (3) being formed by feeding the precursor sol of alu-
minum oxide (2) onto a base (1) .
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a precursor sol of aluminum oxide, the precursor sol of aluminum oxide having
satisfactory coating properties and being capable of providing satisfactory antireflection performance in a wide range
including a visible region when the precursor sol of aluminum oxide is subjected to baking treatment even at a low
temperature, and relates to an optical member and a method for producing an optical member using the precursor sol
of aluminum oxide.

Description of the Related Art

[0002] An antireflective structure with a microstructure which is equal to or smaller than a wavelength in the visible
region and which has an appropriate pitch and height is known to provide excellent antireflection performance in a wide
wavelength range. It is known that a method for producing the microstructure includes, for example, forming a film by
application in such a manner that fine particles each having a particle size of the wavelength or less are dispersed in
the film.
[0003] It is known that the employment of a method for producing a microstructure by patterning with a microprocessing
apparatus, for example, an electron beam lithography apparatus, a laser interference exposure apparatus, a semicon-
ductor exposure apparatus, or an etching apparatus, enables us to control the pitch and height of the microstructure,
resulting in a microstructure having excellent antireflection performance (for example, see Japanese Patent Laid-Open
No. 50-70040).
[0004] An example of other known methods is a method in which boehmite, which is an aluminum hydroxide oxide,
is grown on a base to provide antireflection performance. In these methods, an aluminum oxide (alumina) film formed
by a vacuum film-formation method or a liquid-phase method (sol-gel method) is subjected to steam treatment or hot-
water immersion treatment to turn the surface layer of the film into boehmite, thereby forming an antireflection coating
film (for example, see Japanese Patent Laid-Open No. 9-202649).
[0005] It is known that in the method for forming an antireflection coating film with a microstructure composed of
boehmite, the resulting film has extremely low normal-incidence reflectivity and oblique-incidence reflectivity and provides
excellent antireflection performance.
[0006] However, in the case where a sol in which an organic aluminum compound is easily aggregated is applied on
a member to form a film, the film can have a low degree of uniformity, leading to poor appearance due to the nonuniformity
of the film.
[0007] In the case of employing a wet process, for example, a liquid-phase method (sol-gel method), the baking
temperature during film formation is usually as high as 200°C or higher (for example, see Japanese Patent Laid-Open
No. 9-202649). This causes problems in which peripheral members and the figure tolerance of an optical member are
adversely affected and in which a film cannot be formed on a base, such as a resin base, which does not withstand high
temperatures. A sol configured to form an aluminum oxide film by a liquid-phase method (sol-gel method) contains a
stabilizer to prevent clouding of the film due to rapid hydrolysis of an aluminum alkoxide by water in air or the addition
of water. Typical examples of the stabilizer that can be used include β-ketoester compounds, β-diketone compounds,
and alkanolamines.
[0008] The stabilizer can be chelated with aluminum to form an organic aluminum compound, causing aggregation.
The resulting organic aluminum compound can have a high melting point or sublimation point. So, if baking is performed
at a temperature lower than 200°C, the organic aluminum compound remains in the resulting aluminum oxide film.
Furthermore, it is speculated that the aggregation of the organic aluminum compound inhibits bonding formation between
particles by the hydrolysis of the aluminum alkoxide in an optical film during baking. If the bonding formation between
particles is not sufficient, a textured structure composed of aluminum oxide boehmite is not sufficiently formed, thereby
degrading the antireflection performance.
[0009] In order not to cause poor appearance due to the nonuniformity of the film or inhibition of the bonding formation
between particles during film formation, the aggregation of the organic aluminum compound can be inhibited. However,
it is difficult to inhibit the aggregation of the organic aluminum compound while the sol is maintained at a stable state
without controlling the structure of the organic aluminum compound and thus to provide an optical film having satisfactory
appearance and antireflection performance by baking at a temperature of lower than 200°C.
[0010] In a liquid-phase method (sol-gel method) to form an antireflection coating film from such a precursor sol of
aluminum oxide, there is a demand for a precursor sol of aluminum oxide such that the appearance of an optical member
is not impaired by the aggregation of the organic aluminum compound. Furthermore, there is a demand for a precursor
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sol of aluminum oxide capable of being formed into a high-performance antireflection coating film at a lower temperature,
an optical member, and a method for producing an optical member using the precursor sol of aluminum oxide.
[0011] The present invention has been made in view of the related art described above. Aspects of the present invention
provide an optical member in which the nonuniformity of an antireflection coating film is minimized and in which satisfactory
antireflection performance is achieved even when baking treatment is performed at a low temperature, and provide a
method for producing the optical member. Furthermore, aspects of the present invention provide a precursor sol of
aluminum oxide, the precursor sol inhibiting the aggregation thereof, and a method for producing the precursor sol of
aluminum oxide.

SUMMARY OF THE INVENTION

[0012] The present invention in its first aspect provides a precursor sol of aluminum oxide as specified in claims 1 to 3.
[0013] The present invention in its second aspect provides a method for producing an optical member as specified in
claim 4.
[0014] The present invention in its third aspect provides an optical member as specified in claims 5 and 6, and in its
fourth aspect provides an optical member as specified in claim 7. An optical member according to the present invention
may also have the combined features of claims 5 and 7, or of claims 6 and 7.
[0015] As yet other aspects, the optical members according to the third and forth aspects are each obtainable from
the production method of the second aspect, therein using the precursor sol of the first aspect as intermediate chemical
product, and insofar correspond to different uses of said precursor sol.
[0016] According to aspects of the present invention, it is possible to provide an optical member having satisfactory
antireflection performance by baking treatment even at a low temperature and a method for producing the optical member.
It is also possible to provide a precursor sol of aluminum oxide, the precursor sol containing an organic aluminum
compound that is less likely to aggregate, and a method for producing the precursor sol of aluminum oxide.
[0017] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figs. 1A to 1D are process drawings illustrating a method for producing an optical member according to an
embodiment of the present invention.
[0019] Fig. 2 is a schematic view of an optical member according to an embodiment of the present invention.
[0020] Fig. 3 is a schematic view of an optical member according to an embodiment of the present invention.
[0021] Fig. 4 is a schematic view of an optical member according to an embodiment of the present invention.
[0022] Fig. 5 is a schematic view of an optical member according to an embodiment of the present invention.
[0023] Fig. 6 is a graph showing the relationship between the wavelength (nm) of light and the absolute reflectivity
(%) in Example 1 and Comparative Example 1 according to the present invention.
[0024] Figs. 7A and 7B illustrate photoelectron take-off angles.
[0025] Figs. 8A and 8B illustrate photoelectron take-off angles.
[0026] Fig. 9 illustrates minute light scattering.

DESCRIPTION OF THE EMBODIMENTS

[0027] Embodiments of the present invention will be described in detail below.
[0028] A method for producing an optical member according to aspects of the present invention includes the steps of
(a) feeding a precursor sol of aluminum oxide according to aspects of the present invention onto at least one surface of
a base, (b) spreading the precursor sol of aluminum oxide on the base, (c) drying and/or baking the base to form an
aluminum oxide film, and (d) immersing the aluminum oxide film in hot water with a temperature of 60°C to 100°C to
form a textured structure composed of aluminum oxide crystals.
[0029] The optical member can include an antireflection coating film having a layer mainly composed of aluminum
oxide on at least one surface of the base, the layer having the textured structure formed of plate-like crystals containing
aluminum oxide.
[0030] Figs. 1A to 1D are process drawings illustrating a method for producing an optical member according to an
embodiment of the present invention.

Step (a)

[0031] Fig. 1A illustrates a state in which a precursor sol 2 of aluminum oxide is fed onto a base 1 in the step (a). A
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precursor sol of aluminum oxide according to aspects of the present invention is used as the precursor sol 2 of aluminum
oxide. The precursor sol of aluminum oxide according to aspects of the present invention contains, as described in detail
below, a polycondensate formed by the hydrolysis of an aluminum alkoxide, a solvent, and an organic aluminum com-
pound of general formula (1):

wherein R1 and R2 each represent an alkyl group having 1 to 6 carbon atoms, a perfluoroalkyl group, or an allyl group;
R3 represents an alkyl group having 1 to 6 carbon atoms, a perfluoroalkyl group, an allyl group, or an aryl group; and n
represents an integer of 1 to 3.
[0032] Examples of a method for feeding the precursor sol 2 of aluminum oxide include a method in which the precursor
sol 2 of aluminum oxide is dropped through a narrow tube, one or more small openings, or the like; a method in which
the precursor sol 2 of aluminum oxide is attached to the base 1 through a slit; and a method in which the precursor sol
2 of aluminum oxide is temporarily attached to a plate and then transferred to the base 1. Alternatively, the base 1 is
fed with the precursor sol 2 of aluminum oxide by immersing the base 1 in the precursor sol 2.
[0033] Here, an explanation is given for the precursor sol of aluminum oxide according to aspects of the present
invention.
[0034] The precursor sol of aluminum oxide according to aspects of the present invention contains a polycondensate
formed by the hydrolysis of an aluminum alkoxide or an aluminum salt, a solvent, and an organic aluminum compound
of general formula (1):

wherein R1 and R2 each represent an alkyl group having 1 to 6 carbon atoms, a perfluoroalkyl group, or an allyl group;
R3 represents an alkyl group having 1 to 6 carbon atoms, a perfluoroalkyl group, an allyl group, or an aryl group; and n
represents an integer of 1 to 3.
[0035] The precursor sol of aluminum oxide according to aspects of the present invention is applied on a base, dried,
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and immersed in hot water to form a textured structure composed of aluminum oxide boehmite. So, the precursor sol
of aluminum oxide is suitable for use in the method for producing an optical member according to aspects of the present
invention.
[0036] The precursor sol of aluminum oxide according to aspects of the present invention mainly contains a hydrolysate
and/or a condensate thereof formed by bringing an aluminum compound into contact with water in a solvent. Letting the
aluminum compound be Al-X3 (wherein X represents an alkoxy group, an acyloxy group, a halogen groups, or a nitrate
ion), the hydrolysate of the aluminum compound is expressed as Al-X2 (OH), Al-X(OH)2, or Al-(OH)3. A reaction between
the -OH groups or between the -X group and the -OH group of the hydrolysate gives an Al-O-Al bond and is accompanied
by the elimination of H2O or XH. The resulting compound having one or more Al-O-Al bonds and having a linear or
branched structure is defined as a condensate of the aluminum compound. The resulting particles can be amorphous.
[0037] The proportion of the particles containing the hydrolysate of the aluminum compound and/or the condensate
of the hydrolysate in the precursor sol of aluminum oxide according to aspects of the present invention may be in the
range of 1% by weight to 7% by weight, such as 2.5% by weight to 6% by weight on a metal oxide basis. An excessively
high proportion of the particles results in an increase in the viscosity of the sol. This is liable to cause an increase in the
thickness of a film formed by one coating operation and nonuniformity of the film, thereby failing to provide desired
antireflection performance. An excessively low proportion results in an excessively small thickness of a film formed by
one coating operation. This requires the repetition of application and heating, thereby increasing the number of steps
and the possibility of causing poor appearance.
[0038] Specific examples of the aluminum compound and so forth are described below.
[0039] Examples of the aluminum compound include aluminum ethoxide, aluminum isopropoxide, aluminum n-butox-
ide, aluminum sec-butoxide, aluminum tert-butoxide, aluminum acetylacetonate, oligomers thereof, aluminum nitrate,
aluminum chloride, aluminum acetate, aluminum phosphate, aluminum sulfate, and aluminum hydroxide.
[0040] Among these metal compounds, a metal alkoxide, for example, aluminum n-butoxide or aluminum sec-butoxide,
can be used as a raw material.
[0041] The aluminum alkoxide is highly reactive with water and is rapidly hydrolyzed by water in air or by the addition
of water to form a white turbidity and precipitates. Furthermore, it is difficult to dissolve an aluminum salt compound in
an organic solvent alone, so that the resulting solution has low stability. To prevent these problems from occurring, a
stabilizer can be added to increase the stability of the solution.
[0042] As the stabilizer, a β-diketone compound is used. A β-diketone compound exhibits keto-enol tautomerism and
is converted into an enolate in a solvent. The enolate reacts with a metal alkoxide with the elimination of alcohol and is
coordinated with an aluminum atom to form an organometallic compound. The coordination of the stabilizer with an
oligomeric metal alkoxide inhibits the rapid hydrolysis of the metal alkoxide. When the metal alkoxide is hydrolyzed to
grow particles, a released enolate is further coordinated with a metal alkoxide with which an enolate has already been
coordinated.
[0043] In this way, the stabilizer forms a chelate together with the aluminum alkoxide. The organic aluminum compound
formed in the precursor sol of aluminum oxide can aggregate, depending on its chemical structure. It is speculated that
the aggregation of the organic aluminum compound inhibits bonding between particles formed by the hydrolysis of the
aluminum alkoxide in an optical film during baking. If the bonding between the particles is not sufficient, the textured
structure composed of aluminum oxide boehmite is not sufficiently formed, thereby degrading the antireflection perform-
ance. The organic aluminum compound can have a sublimation point of 150°C or higher. Thus, the organic aluminum
compound is not completely removed from the aluminum oxide film by baking at a baking temperature lower than 200°C.
[0044] Furthermore, in the case where a sol obtained from a stabilizer and a metal alkoxide containing aluminum
serving as raw materials is applied on an optical member to form a film, an organic aluminum compound can aggregate
to cause poor appearance, such as the nonuniformity of the film.
[0045] So, the precursor sol of aluminum oxide according to aspects of the present invention contains a stabilizer
having an alkyl group with 1 to 6 carbon atoms, a perfluoroalkyl group, an allyl group, or an aryl group at the α-position.
The stabilizer also has an alkyl group with 1 to 6 carbon atoms, a perfluoroalkyl group, or an allyl group at the γ-position.
To inhibit the aggregation of the organic aluminum compound, a stabilizer having a sterically bulky substituent may be
used. However, the use of a stabilizer having a sterically bulky substituent at the γ-position also inhibits the coordination
of the stabilizer with the aluminum alkoxide, thus failing to maintain the aluminum alkoxide in a stable state. So, the
aggregation of the organic aluminum compound is inhibited by placing a substituent in the α-position. The α-position is
located on the opposite side of the ketone groups. Thus, the substituent does not sterically inhibit the coordination of
the stabilizer with the aluminum alkoxide and inhibits only the aggregation of the organic aluminum compound particles.
However, in the case where a substituent, such as a long-chain alkyl group, itself has interaction, the effect of inhibiting
the aggregation is presumably reduced. So, in order to inhibit the aggregation of the organic aluminum compound, a β-
diketone compound having an alkyl group with 1 to 6 carbon atoms, a perfluoroalkyl group, an allyl group, or aryl group
at the α-position is used. Furthermore, the α-carbon of an organic aluminum compound composed of a stabilizer having
an electron-donating functional group at the α-position is likely to undergo an electrophilic reaction. Thus, the organic
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aluminum compound composed of a stabilizer having an electron-donating functional group at the α-position is decom-
posed into a compound having a lower boiling point. So, the organic aluminum compound can be removed from a film
during baking. To stabilize the aluminum alkoxide, a β-diketone compound having an alkyl group with 1 to 6 carbon
atoms, a perfluoroalkyl group, or an allyl group at the γ-position is used.
[0046] Examples of the stabilizer having an alkyl group with 1 to 6 carbon atoms, a perfluoroalkyl group, an allyl group,
or an aryl group at the α-position and having an alkyl group with 1 to 6 carbon atoms, a perfluoroalkyl group, or an allyl
group at the γ-position include 3-methyl-2,4-pentanedione, 3-ethyl-2,4-pentanedione, 3-butyl-2,4-pentanedione, 3-
pentyl-2,4-pentanedione, 3-hexyl-2,4-pentanedione, 3-isopropyl-2,4-pentanedione, 3-isobutyl-2,4-pentanedione, 3-iso-
pentyl-2,4-pentanedione, 3-isohexyl-2,4-pentanedione, 3-phenyl-2,4-pentanedione, and perfluoroacetylacetone.
[0047] The amount of the stabilizer added varies depending on the type of metal compound and can be in the range
of 0.5 mol to 2 mol with respect to 1 mol of the aluminum alkoxide. The effect of the stabilizer is exerted by mixing the
stabilizer with the alkoxide for a predetermined period of time before the addition of water.
[0048] To cause hydrolysis, an appropriate amount of water is required to be added. The appropriate amount of water
added varies depending on the solvent and concentration. The amount of water added can be 0.5 mol or more and less
than 2 mol with respect to 1 mol of the aluminum compound.
[0049] For the purpose of partially promoting a hydrolysis reaction, a catalyst may be added to water. A catalyst
containing an acid, e.g., hydrochloric acid or phosphoric acid, or a base can be used in a concentration of 0.1 mol/L or
less. The addition of the acid or base catalyst makes it possible to control the shape of particles formed by the hydrolysis
of the aluminum alkoxide. Furthermore, in the case where the precursor sol of aluminum oxide contains an acid or base
in a concentration of 0.001% by weight or more and less than 0.06% by weight, the stability of the precursor sol of
aluminum oxide is further improved.
[0050] An organic solvent may be used as the solvent so long as raw materials, such as the aluminum compound,
are uniformly dissolved in the organic solvent without causing the aggregation of the particles. Examples of the organic
solvent include monohydric alcohols, such as methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-meth-
ylpropanol, 1-pentanol, 2-pentanol, cyclopentanol, 2-methylbutanol, 3-methylbutanol, 1-hexanol, 2-hexanol, 3-hexanol,
4-methyl-2-pentanol, 2-methyl-1-pentanol, 2-ethylbutanol, 2,4-dimethyl-3-pentanol, 3-ethylbutanol, 1-heptanol, 2-hep-
tanol, 1-octanol, and 2-octanol; di- or higher-hydric alcohols, such as ethylene glycol and triethylene glycol; ether alcohols,
such as methoxyethanol, ethoxyethanol, propoxyethanol, isopropoxyethanol, butoxyethanol, 1-methoxy-2-propanol, 1-
ethoxy-2-propanol, and 1-propoxy-2-propanol; ethers, such as dimethoxyethane, diglyme, tetrahydrofuran, dioxane,
diisopropyl ether, and cyclopentyl methyl ether; esters, such as ethyl formate, ethyl acetate, n-butyl acetate, ethylene
glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, ethylene glycol mono-n-butyl ether acetate,
and propylene glycol monomethyl ether acetate; aliphatic and alicyclic hydrocarbons, such as n-hexane, n-octane,
cyclohexane, cyclopentane, and cyclooctane; aromatic hydrocarbons, such as toluene, xylene, and ethylbenzene; ke-
tones, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, and cyclohexanone; chlorinated hydrocarbons,
such as chloroform, methylene chloride, carbon tetrachloride, and tetrachloroethane; and aprotic polar solvents, such
as N-methylpyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide, and ethylene carbonate.
[0051] Among these solvents, a monohydric alcohol having 5 to 8 carbon atoms can be provided because of its low
hygroscopicity and a high solubility of the aluminum compound therein. The progression of the hydrolysis of the aluminum
compound due to the moisture absorption of the solvent makes the control of the particle size difficult. Furthermore,
moisture absorption during coating leads to the aggregation of the particles, thereby deteriorating the stability of optical
properties. In the case of using a common alcohol with a low boiling point, the solvent evaporates rapidly. Thus, the
foregoing stabilizer remains in the resulting film, affecting the optical properties.
In the case of using a monohydric alcohol having 5 to 8 carbon atoms, the solvent is evaporated together with the
stabilizer during drying and/or baking, so that the stabilizer is almost removed. Meanwhile, the monohydric alcohol having
5 to 8 carbon atoms is highly hydrophobic; hence, water required for hydrolysis is not uniformly mixed in the alcohol,
which makes the formation of a constant particle size difficult. Thus, the monohydric alcohol having 5 to 8 carbon atoms
can be used in combination with a water-miscible solvent. The term "water-miscible solvent" described here is used to
indicate a solvent having miscibility with water of 80% by weight or more at 23°C.
[0052] The precursor sol of aluminum oxide according to aspects of the present invention may have a solvent content
of 50% by weight to 98% by weight and even 60% by weight to 93% by weight.
[0053] Regarding the mixing ratio of the solvents, the proportion of the monohydric alcohol having 5 to 8 carbon atoms
can be in the range of 50% by weight to 90% by weight, and the proportion of the water-miscible solvent having a boiling
point of 110°C to 170°C can be in the range of 10% by weight to 50% by weight. An excessively small amount of the
monohydric alcohol having 5 to 8 carbon atoms leads to nonuniformity in thickness at the time of coating, thus reducing
the appearance. An excessively large amount of the monohydric alcohol having 5 to 8 carbon atoms leads to an increase
in the hydrophobicity of the solvent, so that water is not uniformly dispersed.
[0054] As the water-miscible solvent, a water-miscible solvent having a boiling point of 110°C to 170°C is used. The
use of a water-miscible solvent having a boiling point of less than 110°C is liable to cause whitening and moisture
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absorption due to evaporation. In the case of using a water-miscible solvent having a boiling point exceeding 170°C,
the water-miscible solvent remains in the resulting aluminum oxide film even after drying, thereby leading to variations
in reflectivity. The water-miscible solvent can be glycol ether.
[0055] In the case of preparing the precursor sol of aluminum oxide according to aspects of the present invention,
heating may be performed to promote the hydrolysis and the condensation reaction of the aluminum alkoxide. The
heating temperature varies depending on the boiling point of the solvent and may be in the range of 60°C to 150°C. The
heating allows the particles to grow, improving particle properties.
[0056] A precursor sol of aluminum oxide may contain a small amount of at least one metal compound selected from
compounds of Zr, Si, Ti, Zn, and Mg, together with an aluminum compound. Examples of the metal compounds that can
be used include metal alkoxides and metal salts, such as metal chlorides and metal nitrates. In particular, a metal alkoxide
can be used because, for example, a byproduct formed in preparing a sol has only a minor effect on coatability. Fur-
thermore, the proportion of the aluminum compound can be 90 mole percent or more with respect to 100 mole percent
of the total amount of the metal compounds.
[0057] Examples of a zirconium alkoxide include zirconium tetramethoxide, zirconium tetraethoxide, zirconium tetra-
n-propoxide, zirconium tetraisopropoxide, zirconium tetra-n-butoxide, and zirconium tetra-tert-butoxide.
[0058] Various silicon alkoxides represented by a general formula Si(OR)4 may be used, wherein the R’s are the same
or different, with each representing a lower alkyl group, e.g., a methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, or an isobutyl group.
[0059] Examples of a titanium alkoxide include tetramethoxytitanium, tetraethoxytitanium, tetra-n-propoxytitanium,
tetraisopropoxytitanium, tetra-n-butoxytitanium, and tetraisobutoxytitanium.
[0060] Examples of a zinc compound include zinc acetate, zinc chloride, zinc nitrate, zinc stearate, zinc oleate, and
zinc salicylate. In particular, zinc acetate and zinc chloride can be provided.
[0061] Examples of a magnesium compound include magnesium alkoxide, such as dimethoxymagnesium, diethoxy-
magnesium, dipropoxymagnesium, and dibutoxymagnesium; magnesium acetylacetonate; and magnesium chloride.
[0062] Among these metal compounds, the metal alkoxides, such as zirconium tetraisopropoxide, zirconium tetra-n-
butoxide, tetramethoxysilane, tetraethoxysilane, tetraisopropoxytitanium, tetra-n-butoxytitanium, dipropoxymagnesium,
and dibutoxymagnesium, can be used as raw materials.

Step (b)

[0063] In the method for producing an optical member according to aspects of the present invention, the step (b) of
spreading the precursor sol of aluminum oxide on a base will be described below.
[0064] Fig. 1B shows a state in which the precursor sol 2 of aluminum oxide fed in the step (a) is spread on the base
1 in the step (b). Examples of a method for spreading the precursor sol 2 of aluminum oxide on the base 1 include spin
coating in which the dropped sol 2 is spread by rotating the base 1; and blade coating and roll coating in which the sol
2 dropped on the base 1 is spread by moving a blade and a roll. Alternatively, the precursor sol 2 of aluminum oxide
can be spread while being fed. Examples thereof include slit coating in which the precursor sol 2 of aluminum oxide is
spread by moving a slit or the base 1 while the precursor sol 2 of aluminum oxide is being fed through the slit; and
printing in which the sol 2 temporarily attached to a plate is transferred by moving the base 1.
[0065] A further example thereof is dip coating in which the base 1 is immersed in the precursor sol 2 of aluminum
oxide and then drawn at a fixed speed. In the case of producing an optical member having a three-dimensionally complex
shape, such as a concave shape, it is difficult to bring a feeder of the precursor sol 2 of aluminum oxide near to the
member; hence, spin coating may be employed.
[0066] The precursor sol of aluminum oxide can be applied so as to form a film having a thickness of 150 nm or more.
This makes it possible to form a fine textured structure with sufficient height, thereby further enhancing antireflection
performance at oblique incidence.

Step (c)

[0067] In the method for producing an optical member according to aspects of the present invention, the step (c) of
drying and/or baking the base to form an aluminum oxide film will be described below.
[0068] Fig. 1C shows a state in which the base 1 is dried and/or baked to form an aluminum oxide film 3 in the step
(c). When the base 1 is dried by heating, the solvent in the precursor sol 2 of aluminum oxide that has been spread on
the base 1 in the step (b) is evaporated, so that the particles in the sol 2 are deposited to form the aluminum oxide film
3. Further heating the resulting film promotes the condensation reaction of unreacted alkoxide and hydroxy groups. The
heating temperature can be 140°C or higher, which is a temperature that can be required to evaporate the solvent, and
200°C or lower in view of the effect on the base and other peripheral members. Examples of a heating method include
a method for heating the base in a circulating hot air oven, a muffle furnace, or an induction heating (IH) furnace; and
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a method for heating the base with an infrared (IR) lamp.

Step (d)

[0069] In the method for producing an optical member according to aspects of the present invention, the step (d) of
immersing the aluminum oxide film in hot water with a temperature of 60°C to 100°C to form a textured structure formed
of aluminum oxide crystals will be described below.
[0070] Fig. 1D shows a state in which a layer 4 mainly composed of aluminum oxide is formed on the base 1 in the
step (d), the layer having a textured structure 5 formed of aluminum oxide crystals. The textured structure 5 is formed
by bringing the aluminum oxide film 3 formed in the step (c) into contact with hot water with a temperature of 60°C to
100°C. The textured structure formed of the aluminum oxide crystals is mainly formed of crystals composed of aluminum
oxide, aluminum hydroxide, or aluminum oxide hydrate. In particular, the textured structure can be composed of boehmite.
Examples of a method for bringing the aluminum oxide film 3 into contact with hot water include a method in which the
base 1 is immersed in hot water; and a method in which the aluminum oxide film 3 is brought into contact with running
hot water or atomized hot water. Hereinafter, the crystals formed by bringing the aluminum oxide film into contact with
hot water is referred to as "aluminum oxide crystals", "plate-like crystals mainly containing aluminum oxide", "plate-like
crystals containing aluminum oxide", "plate-like crystals" or "aluminum oxide boehmite".
[0071] The textured structure 5 formed of aluminum oxide crystals can be formed of plate-like crystals mainly containing
aluminum oxide. The plate-like crystals mainly containing aluminum oxide can be boehmite.
[0072] An embodiment of the optical member according to aspects of the present invention, the optical member being
produced by the method for producing an optical member according to aspects of the present invention, will be described
below. The optical member according to aspects of the present invention includes a layer on a surface of a base, the
layer being mainly composed of aluminum oxide and having a textured structure composed of aluminum oxide crystals.
[0073] Fig. 2 shows a schematic cross-sectional view of an optical member according to this embodiment.
[0074] In Fig. 2, a layer 6 mainly containing aluminum oxide is stacked on the base 1, a surface of the layer 6 being
formed of plate-like crystals, and the plate-like crystals mainly containing aluminum oxide. The aluminum oxide crystals
or the plate-like crystals mainly containing aluminum oxide are formed of crystals composed of aluminum oxide, aluminum
hydroxide, or aluminum oxide hydrate. In particular, the plate-like crystals can be composed of boehmite. In the present
invention, each of aluminum oxide, aluminum hydroxide, and aluminum oxide hydrate is referred to as "aluminum oxide".
Furthermore, at least one oxide layer composed of aluminum oxide alone or an oxide layer which contains one of ZrO2,
SiO2, TiO2, ZnO, and MgO and which has an aluminum oxide content of 70% by mole or more is referred to as a "layer
mainly containing aluminum oxide".
[0075] Furthermore, the ends of the plate crystals form a fine textured structure 7. To increase the height of fine
projections and reduce intervals of the projections, the plate-like crystals may be selectively arranged at a specific angle
to the surface of the base.
[0076] As shown in Fig. 3, in the case where the surface of the base 1 is flat like a surface of a flat plate, a film, a
sheet, or the like, the plate crystals can be arranged in such a manner that the average angle of angles θ1 defined by
inclination directions 8 of the plate crystals and the surface of the base may be in the range of 45° to 90°, such as 60° to 90°.
[0077] As shown in Fig. 4, in the case where the surface of the base 1 is two- or three-dimensionally curved, the plate-
like crystals can be arranged in such a manner that the average angle of angles θ2 defined by the inclination directions
8 of the plate-like crystals and a tangent 9 to the surface of the base may be in the range of 45° to 90°, such as 60° to 90°.
[0078] The layer 6 mainly containing aluminum oxide may have a thickness of 20 nm to 1000 nm, such as 50 nm to
1000 nm, and even 240 nm to 1000 nm. In the case where the layer constituting the textured structure has a thickness
of 20 nm to 1000 nm, the fine textured structure provides effective antireflection performance. Furthermore, the me-
chanical strength of the textured structure is not reduced, thus advantageously reducing the production cost of the fine
textured structure. A thickness of the layer of 50 nm to 1000 nm can result in a further increase in antireflection perform-
ance. A thickness of the layer of 240 nm to 1000 nm can result in a further increase in antireflection performance at
oblique incidence.
[0079] The optical member according to aspects of the present invention is characterized by a very low nonuniformity
of the film. The inventors have conducted intensive studies and have found that a difference in crystal state between
the surface portion and the inner portion of the film is small compared with those of textured structures composed of
aluminum oxide crystals of optical members in the related art. The optical member according to aspects of the present
invention has the fine textured structure 7 at the end portions of the layer 6 mainly containing aluminum oxide stacked
on the base 1. The fine textured structure continuously changes the refractive index from the refractive index of air to
the refractive index of the base, thereby eliminating the boundary surface to provide the antireflection performance.
Thus, the difference in crystal state between the surface portion and the inner portion of the fine textured structure 7
can be small. Furthermore, the refractive index of the surface portion can be minimized.
[0080] However, in the case of the optical member having the textured structure, which is formed of the aluminum
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oxide crystals, formed by immersing the film mainly containing aluminum oxide in hot water, the contact of the aluminum
oxide film with hot water having a temperature of 60°C to 100°C results in the formation of the layer of mixed plate-like
crystals including crystals of aluminum oxide, aluminum hydroxide, and/or aluminum oxide hydrate and results in the
formation of the textured structure of the end portions of the plate-like crystals. So, the difference in the degree of the
reaction of aluminum occurs between the inner portion and the surface portion that is brought into direct contact with
hot water. Furthermore, the aggregation of the organic aluminum compound inhibits the formation of uniform plate-like
crystals of aluminum oxide. This may lead to reductions in antireflection performance and the uniformity of the film,
thereby causing poor appearance due to the nonuniformity of the film.
[0081] The optical member formed by the use of the precursor sol of aluminum oxide according to aspects of the
present invention has only a small difference in crystal state between the surface portion and the inner portion of the
textured structure formed of the aluminum oxide crystals and has improved uniformity of the film. Furthermore, there is
no nonuniformity of the film.
[0082] An example of a method for evaluating crystal states of the surface portion and the inner portion of the textured
structure formed on the surface of the layer mainly containing aluminum oxide will be described below.
[0083] The ratio of the number of oxygen atoms to the number of aluminum atoms, i.e., O/Al, when the number of
aluminum atoms is defined as 1 is calculated from the composition formula of the aluminum compound. This enables
us to simulatively quantify the reaction state of aluminum. For example, the ratio O/Al of aluminum hydroxide (Al(OH)3)
is 3. The ratio O/Al of aluminum oxide (Al2O3) is 1.5. The ratio O/Al of aluminum oxide boehmite (AlO(OH)) is 2. The
state of aluminum oxide crystals in the textured structure is evaluated by measuring the element ratio of oxygen to
aluminum at each of the surface portion and the inner portion of the layer mainly containing aluminum oxide.
[0084] As a method for measuring the ratio of the number of oxygen atoms to the number of aluminum atoms at each
of the surface portion and the inner portion of the textured structure, surface elemental analysis using X-ray photoelectron
spectroscopy (hereinafter, referred to as "XPS analysis") may be employed. First, an XPS survey spectrum is taken
from the textured structure according to aspects of the present invention in order to detect the presence of all elements.
The survey spectrum indicates that proportions of four elements of carbon (C), oxygen (O), fluorine (F), and aluminum
(Al) are particularly high. So, peaks of Cls, Ols, Fls, and Al2p are selected. Narrow spectra of Cls, Ols, Fls, and A12p
are measured to determine a more accurate elemental ratio. The ratio of the number of oxygen atoms to the number of
aluminum atoms in an area irradiated with X-rays can be calculated on the basis of the elemental analysis results of the
peak areas thereof.
[0085] In XPS analysis, in the case where the photoelectron take-off angle is changed by tilting a measurement sample,
effective detection depth is changed. Here, the term "photoelectron take-off angle" indicates the angle between the
surface of the measurement sample and a normal to a detector. Specifically, a lower photoelectron take-off angle results
in a smaller escape depth of photoelectrons, so that the information of only the shallower portion of the layer is detected.
The use of this principle enables us to separately acquire the information about only the surface portion and the information
about a region extending from the surface portion to the inner portion. In this case, there is no need to perform steps of
taking out the measurement sample from an X-ray photoelectron spectrometer or processing the measurement sample.
Furthermore, there is no need to perform treatment to etch the surface of the sample by sputtering.
[0086] Thus, with respect to a method for evaluating the textured structure formed of aluminum oxide crystals on the
surface of the layer mainly containing aluminum oxide according to aspects of the present invention, the surface of the
layer mainly containing aluminum oxide is analyzed by X-ray photoelectron spectroscopy. Specifically, the ratio of the
number of oxygen atoms to the number of aluminum atoms detected when a region is measured at a photoelectron
take-off angle of 45° to a surface of the base is compared with that when the region is measured at a photoelectron
take-off angle of 75° to the surface of the base. Surface elemental analysis is performed under these conditions to
provide photoelectron spectra. From the photoelectron spectra, it is possible to calculate the number of oxygen atoms
when the number of aluminum atoms is defined as 1, i.e., O/Al.
[0087] According to aspects of the present invention, the crystal states of the surface portion and the inner portion of
the textured structure formed of the aluminum oxide crystals are evaluated by comparison of the ratios O/Al calculated
at different take-off angles. Figs. 7A to 8B illustrate photoelectron take-off angles. Fig. 7A illustrates the case where a
surface 76 of the base is a flat plane, like a surface of a flat plate, a film, a sheet, or the like, and illustrates a state in
which surface elemental analysis is performed at a photoelectron take-off angle α of 45° with respect to the surface 76
of the base. Fig. 7B illustrates the case where the surface 76 of the base is flat, like a surface of a flat plate, a film, a
sheet, or the like, and illustrates a state in which surface elemental analysis is performed at a photoelectron take-off
angle α of 75° with respect to the surface 76 of the base. In each of Figs. 7A and 7B, for simplicity’s sake, the angle
between a line 81 parallel to the surface 76 of the base and the normal 82 to the detector is illustrated as the photoelectron
take-off angle and is equal to the angle between the surface 76 of the base and the normal 82 to the detector. Fig. 8A
illustrates the case where the surface 76 of the base is two- or three-dimensionally curved and illustrates a state in which
surface elemental analysis is performed at a photoelectron take-off angle α of 45° with respect to the surface 76 of the
base. In the case where the surface of the base is two- or three-dimensionally curved, the angle between a tangent 77
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to a surface of the base at a portion irradiated with X-rays and the normal 82 to the detector is defined as 45°. Fig. 8B
illustrates the case where the surface 76 of the base is two- or three-dimensionally curved and illustrates a state in which
surface elemental analysis is performed at a photoelectron take-off angle α of 75° with respect to the surface 76 of the
base. In the case where the surface of the base is two- or three-dimensionally curved, the angle between the tangent
77 to the surface of the base at a portion irradiated with X-rays and the normal 82 to the detector is defined as 75°. In
each of Figs. 8A and 8B, for simplicity’s sake, the angle between a line 83 parallel to the tangent 77 to the surface of
the base and the normal 82 to the detector is illustrated as the photoelectron take-off angle and is equal to the angle
between the tangent 77 to the surface of the base at the portion irradiated with X-rays and the normal 82 to the detector.
[0088] While a layer 80 mainly containing a substance other than aluminum oxide is provided between a base 71 and
a layer 74 mainly containing aluminum oxide in each of Figs. 7A to 8B, the layer 80 mainly containing a substance other
than aluminum oxide may or may not be provided.
[0089] A smaller difference between the ratio O/Al in the surface portion and the ratio O/Al in the inner portion of the
textured structure leads to maintaining the better continuity of the refractive indices from the refractive index of air to the
refractive index of the textured structure, a reduction in the nonuniformity of the film, and the development of satisfactory
antireflection performance. According to aspects of the present invention, a smaller difference between the ratio O/Al
at a photoelectron take-off angle of 45° to the base surface and the ratio O/Al measured at a photoelectron take-off
angle of 75° to the base surface leads to a reduction in the nonuniformity of the film and the development of satisfactory
antireflection performance. In the optical member according to aspects of the present invention, the difference between
the ratio O/Al at a photoelectron take-off angle of 45° to the base surface and the ratio O/Al measured at a photoelectron
take-off angle of 75° to the base surface can be 0.4 or less. Furthermore, a smaller ratio O/Al at a photoelectron take-
off angle of 45° to the base surface results in a reduction in the refractive index of the aluminum compound. In the optical
member according to aspects of the present invention, the ratio O/Al at a photoelectron take-off angle of 45° to the base
surface can be 2.0 or less. That is, the optical member according to aspects of the present invention the layer on the
base surface, the layer mainly containing aluminum oxide and having the textured structure formed of aluminum oxide
crystals, in which the optical member meets the following expression (1):
[Math. 2] 

where letting the number of aluminum atoms obtained by analyzing a surface of the optical member using X-ray photo-
electron spectroscopy at a photoelectron take-off angle of 45° be 1, X represents the ratio of the number of oxygen
atoms to the number of aluminum atoms, i.e., O/Al; and
letting the number of aluminum atoms obtained by analyzing the surface of the optical member using X-ray photoelectron
spectroscopy at a photoelectron take-off angle of 75° be 1, Y represents the ratio of the number of oxygen atoms to the
number of aluminum atoms, i.e., O/Al.
[0090] X can exceed 2.0.
[0091] Furthermore, the optical member according to aspects of the present invention has excellent antireflection
performance for obliquely incident light whether or not the surface of the base is curved or flat. In the case where light
parallel to an optical axis is incident on a lens having a large curvature, the angle of incidence increases with decreasing
distance from the periphery of the lens, thereby increasing the irradiation area. This is liable to cause light scattering.
For optical lenses, the occurrence of light scattering will affect images. For the optical member according to aspects of
the present invention, the occurrence of light scattering is minimized.
[0092] To enhance antireflection performance at oblique incidence, it may be necessary to form a uniform fine textured
structure having sufficient height. To form a textured structure, composed of aluminum oxide boehmite, having sufficient
height, it may be necessary to increase the thickness of the aluminum oxide film. However, with respect to the aluminum
oxide film having a large thickness, when the precursor sol of aluminum oxide is fed onto the base and dried and/or
baked, the rate of volatilization of a solvent varies between a surface of the film and the boundary of the base. This
reduces the uniformity of the textured structure composed of aluminum oxide boehmite formed through a dissolution-
reprecipitation process, thereby causing minute light scattering. Fig. 9 illustrates the mechanism of the occurrence of
the minute light scattering. The height and pitch of the textured structure are smaller than the wavelength of visible light.
So, the minute light scattering is presumably caused by a difference in the height of the aluminum oxide film located
below the textured structure composed of aluminum oxide boehmite and in the vicinity of the base.
[0093] It is speculated that in the case where the drying temperature and/or the baking temperature is high, the film
is rapidly densified from the surface to shrink, thereby causing a nonuniform density distribution in the film and a change
in solubility in hot water, so that the uniformity of the aluminum oxide film in the vicinity of the base is lost. A larger
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thickness causes the solvent to be less likely to evaporate from the inner portion of the film. Thus, the minute light
scattering is liable to occur.
[0094] Meanwhile, in the case where the aluminum oxide film is formed at a low temperature, impurities are not
completely evaporated and are contained in large amounts. So, the film is partially dissolved in hot water during hot
water treatment, causing the nonuniformity of the film. Furthermore, aluminum oxide is rapidly dissolved together with
impurities compared with the rate of reprecipitation. So, the microstructure is not sufficiently formed, reducing the antire-
flection performance.
[0095] To inhibit the minute light scattering, a method may be employed in which a high-boiling-point solvent is selected
for the precursor sol of aluminum oxide so as to evaporate slowly even when the drying temperature and/or the baking
temperature is high. Alternatively, a method may be employed in which impurities are removed from the aluminum oxide
film even at a low temperature.
[0096] In the case where the high-boiling-point solvent is selected, when the precursor sol of aluminum oxide is fed
onto the base, it takes time before the film is dry to the touch, thereby causing the radial nonuniformity of the film and
degrading coatability. The selection of the solvent is not easy because the solvent directly affects the coatability.
[0097] The optical member formed by the use of the precursor sol of aluminum oxide according to aspects of the
present invention has the textured structure having sufficient height and being formed of the aluminum oxide crystals.
Furthermore, the optical member inhibits the minute light scattering and provides excellent antireflection performance.
[0098] A method for evaluating the minute light scattering will be described below. It is difficult to evaluate the minute
light scattering by the degree of cloudiness. So, a measurement method is devised, and the degree of minute light
scattering is defined and evaluated.
[0099] A 150-W halogen fiber illuminator (PHL-150C) is used as a light source. Light emitted from the halogen fiber
illumination system passes through a rod homogenizer (RHO-13S-E2). The illuminance of light is adjusted to 4000 lux
with an iris diaphragm. The light is incident on an optical element at 45°. A camera (EOS 40D, manufactured by CANON
KABUSHIKI KAISHA) with a camera lens (EF 50mm Compact-Macro Lens, manufactured by CANON KABUSHIKI
KAISHA) is arranged in front of the measurement sample. The sample is captured by the camera at a shutter speed of
10 seconds, an F-number of 10, and an ISO speed of 400. The sample is arranged in such a manner that the face where
the textured structure formed of the aluminum oxide crystals is formed is directed to the light source.
[0100] The resulting images are analyzed by general-purpose image processing software (Photoshop, manufactured
by Adobe Systems Incorporated). A 700 x 700 pixel area is quantified to determine the illuminance.
[0101] The degree W of the minute light scattering of the optical member is defined by expression (2):
[Math. 3] 

where W0 represents the measurement value of the base, and W1 represents the measurement value of the optical
member.
[0102] The optical member according to aspects of the present invention includes the layer on the surface of the base,
the layer mainly containing aluminum oxide and having a textured structure formed of aluminum oxide crystals, in which
the layer mainly containing aluminum oxide has a thickness of 240 nm to 1000 nm and a degree of minute light scattering
of 6.0 or less. Furthermore, the optical member has a mean reflectivity of 0.21% or less in the wavelength range of 400
nm to 700 nm. Moreover, a layer mainly containing a substance other than aluminum oxide may be provided between
the base and the layer mainly containing aluminum oxide.
[0103] The surface density of the textured structure of the optical member according to aspects of the present invention
is also important. The mean surface roughness Ra’, which corresponds to the surface density and is defined by extending
the arithmetical mean deviation to a surface, may be 5 nm or more, such as 10 nm or more, and even 15 nm to 100 nm.
Furthermore, the surface area ratio Sr may be 1.1 or more, such as 1.15 or more, and even 1.2 to 3.5.
[0104] An example of a method for evaluating the resulting fine textured structure is the observation of a surface of
the fine textured structure with a scanning probe microscope. The observation shows that the mean surface roughness
Ra’ defined by extending the arithmetical mean deviation Ra to a plane and the surface area ratio Sr are determined.
That is, the mean surface roughness Ra’ (nm) is defined by applying and three-dimensionally extending the arithmetical
mean deviation Ra, which is defined by JIS B0601, to a measuring surface. The mean surface roughness Ra’ is expressed
as "the mean value of absolute values of deviations from a reference plane to a specified plane" and represented by
expression (3):
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[Math. 4] 

where
Ra’ : a mean surface roughness (nm),
S0: an area when the measuring surface is assumed to be ideally flat,
F(X, Y): a height at a measurement point (X, Y), wherein X represents an X-coordinate, and Y represents a Y-coordinate,
XL to XR: the range of the X-coordinates in the measuring surface,
YB to YT: the range of the Y-coordinates in the measuring surface, and
Z0: a mean height in the measuring surface.
[0105] The surface area ratio Sr is determined from the expression: Sr = S/S0 (where So represents the area when
the measuring surface is assumed to be ideally flat; and S represents the actual surface area of the measuring surface).
Note that the actual surface area of the measuring surface is determined as follows: First, the surface is divided into
small triangles realized by connecting nearest-neighbor three data points (A, B, C) by line segments. Then the area ∆S
of each of the small triangles is determined by the vector product: ∆S (∆ABC) = [s(s - AB)(s - BC)(s - AC)]0.5 (where
AB, BC, and AC are the lengths of the sides, and s ≡ 0.5(AB + BC + AC)). The actual surface area S is determined as
the sum of ∆S. Regarding the surface density of the fine textured structure, in the case where Ra’ is 5 nm or more and
where Sr is 1.1 or more, the textured structure provides the antireflection effect. In the case where Ra’ is 10 nm or more
and where Sr is 1.15 or more, the antireflection effect is higher than that described above. In the case where Ra’ is 15
nm or more and where Sr is 1.2 or more, the antireflection effect reaches a practically usable level. In the case where
Ra’ is 100 nm or more and where Sr is 3.5 or more, however, a scattering effect resulting from the textured structure is
stronger than the antireflection effect. Thus, sufficient antireflection performance cannot be provided.
[0106] A layer mainly containing a substance other than aluminum oxide may be provided between the base 1 and
the layer 4 mainly containing aluminum oxide. Fig. 5 illustrates an example of an optical member in which a layer 10
mainly containing a substance other than aluminum oxide is provided on the base 1 and in which the layer 4 mainly
containing aluminum oxide is provided on the layer 10.
[0107] The layer 10 mainly containing a substance other than aluminum oxide is arranged in order to mainly adjust
the difference in terms of refractive index between the base 1 and the layer 4 mainly containing aluminum oxide. So,
the layer 10 mainly containing a substance other than aluminum oxide can be formed of a transparent film composed
of an inorganic material or an organic material.
[0108] Examples of an inorganic material that can be used for the layer 10 mainly containing a substance other than
aluminum oxide include metal oxides, such as SiO2, TiO2, ZrO2, ZnO, and Ta2O5. Examples of a method for forming
the layer 10 mainly containing an inorganic material other than aluminum oxide include vacuum film formation methods,
such as evaporation and sputtering; and a sol-gel method in which a precursor sol of a metal oxide is applied.
[0109] Examples of an organic material that can be used for the layer 10 mainly containing a substance other than
aluminum oxide include organic polymers, such as acrylic resins, epoxy resins, oxetane resins, maleimide resins, mela-
mine resins, benzoguanamine resins, phenolic resins, resol resins, polycarbonate, polyester, polyarylate, polyether,
polyurea, polyurethane, polyamide, polyamideimide, polyimide, polyketone, polysulfone, polyphenylene, polyxylylene,
and polycycloolefin. An example of a method for forming the layer 10 mainly containing an organic material other than
aluminum oxide is wet coating in which a solution containing the organic material is applied.
[0110] In addition, the textured structure 5 formed of the aluminum oxide crystals may be subjected to surface treatment
to the extent that the antireflection performance is not impaired. To impart abrasion resistance and soil resistance, for
example, a SiO2 thin film or an extremely thin layer composed of a fluorinated alkylsilane (FAS) or fluorocarbon resin
may be formed.

EXAMPLES

[0111] While the present invention will be described in detail below by examples, the present invention is not limited
to these examples. Optical members having surfaces with fine textured structures formed in examples and comparative
examples were evaluated by methods described below.
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(1) Preparation of Precursor Sol 1 to 6 of Aluminum Oxide

[0112] First, 14.8 g of aluminum sec-butoxide (ASBD, manufactured by Kawaken Fine Chemicals Co., Ltd.), 0.5 molar
equivalents of a stabilizer with respect to aluminum sec-butoxide, and 2-ethylbutanol were mixed and stirred to form a
uniform solution. After 0.01 M dilute hydrochloric acid was mixed with a 2-ethylbutanol/1-ethoxy-2-propanol mixed solvent,
the resulting solution was slowly added to the aluminum sec-butoxide solution. The mixture was stirred for some time.
The solvent was adjusted to finally obtain the 2-ethylbutanol/1-ethoxy-2-propanol (7/3) mixed solvent. The mixture was
further stirred in an oil bath with a temperature of 120°C for 2 to 3 hours or more, thereby preparing precursor sols 1 to
6 of aluminum oxide. Table 1 shows the amounts of the stabilizers and raw materials and the organic aluminum compound
contents of the precursor sols of aluminum oxide.

(2) Preparation of SiO2-TiO2 Sol 7

[0113] A mixed solvent of 3.15 g of 0.01 M dilute hydrochloric acid [HClaq.] and 17.2 g of 2-propanol was slowly added
to 14.6 g of ethyl silicate. The resulting mixture was stirred at room temperature for 6 hours and then was diluted with
a mixed solvent of 91.5 g of 4-methyl-2-pentanol and 46.4 g of 2-ethylbutanol, thereby providing solution A. Then 6.7 g
of tetra-n-butoxytitanium was dissolved in a mixed solution of 2.6 g of ethyl 3-oxobutanoate and 16.8 g of 4-methyl-2-
pentanol. This solution was stirred at room temperature for 3 hours to provide solution B. Solution B was slowly added
to solution A under stirring. The resulting mixture was stirred room temperature for another 3 hours, thereby preparing
SiO2-TiO2 sol 7 with a Si/Ti molar ratio of 78/22.

(3) Cleaning of Base

[0114] A circular glass base, in which one surface was polished and the other surface was frosted, having a diameter
of about 30 mm and a thickness of about 1 mm and a 3 cm x 3 cm Si base having a thickness of about 1 mm were
subjected to ultrasonic cleaning in an alkaline cleaning solution and then dried in an oven.

(4) Measurement of Reflectivity

[0115] The reflectivity was measured in the wavelength range of 400 nm to 700 nm at an incident angle of 0° with an
absolute-reflectivity measurement device (USPM-RU, manufactured by Olympus Corporation). Evaluation was made
on the basis of the mean reflectivity in the measurement range.

(5) Observation of Base Surface

[0116] Surfaces of the bases were visually observed. In the case where the nonuniformity of the film was observed,
the nonuniformity was categorized as follows:

Nonuniformity 1 of the film: ring-shaped nonuniformity at the peripheral portion of the base; and
Nonuniformity 2 of the film: streak-like nonuniformity extending from the center toward the peripheral portion of the
base.

(6) Evaluation of Reaction State of Aluminum

[0117] As a measurement device, Quantera SXM (manufactured by ULVAC-PHI, Incorporated) was used. A mono-
chromated Al X-ray source was used. The X-ray beam had a diameter of 100 Pm. A 500 Pm x 500 Pm area was scanned
by the X-ray beam to provide a spectrum. Peaks of Cls, O1s, Fls, and A12p were selected for analysis. The numbers
of integrations were set to 10 for Cls, 3 for O1s, 5 for F1s, and 10 for A12p. The energy-slit width was set to 140 eV.
The energy pitch during measurement was set to 0.125 eV.
[0118] The angle between a sample holder and a detector was set to 45°, and the surface of a sample was measured.
Furthermore, the angle between the sample holder and the detector was set to 45°, and the surface of the sample was
measured.

(7) Measurement of Degree of Minute Light Scattering

[0119] A 150-W halogen fiber illuminator (PHL-150C) was used as a light source. Light emitted from the halogen fiber
illumination system passed through a rod homogenizer (RHO-13S-E2). The illuminance of light was adjusted to 4000
lux with an iris diaphragm. The light was incident on an optical element at 45°. A camera (EOS 40D, manufactured by
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CANON KABUSHIKI KAISHA) with a camera lens (EF 50mm Compact-Macro Lens, manufactured by CANON KA-
BUSHIKI KAISHA) was arranged in front of the measurement sample. The sample was captured by the camera at a
shutter speed of 10 seconds, an F-number of 10, and an ISO speed of 400. The sample was arranged in such a manner
that the face where the textured structure formed of aluminum oxide boehmite was formed was directed to the light source.
[0120] The resulting images were analyzed by general-purpose image processing software (Photoshop, manufactured
by Adobe Systems Incorporated). A 700 x 700 pixel area was quantified to express the illuminance to one decimal place.
[0121] The degree W of the minute light scattering of the optical element was defined by expression (2):
[Math. 5] 

where W0 represents the measurement value of the base, and W1 represents the measurement value of the optical
element.
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[Table 1]

Sol Stabilizer R1 R2 R3
Amount of 

stabilizer (g)

Amount of 
stabilizer 

(molar 
equivalent)*

2-
Ethylbutanol 

(g)

1-Ethoxy-2-
propanol (g)

Amount of 
aluminum 

alkoxide (% 
by weight)*

Catalytic 
water (molar 
equivalent)*

precursor sol 
1 of 

aluminum 
oxide

3-methyl-2,4-
pentanedione

-CH3 -CH3 -CH3 3.4 0.5 41.6 17.8 18.7 1.5

precursor sol 
2 of 

aluminum 
oxide

3-ethyl-2,4-
pentanedione

-CH3 -CH3 -C2H5 3.8 0.5 42.5 18.2 18.3 1.5

precursor sol 
3 of 

aluminum 
oxide

3-butyl-2,4-
pentanedione

-CH3 -CH3 -C2H5 4.3 0.5 43.5 18.6 17.8 1.5

precursor sol 
4 of 

aluminum 
oxide

ethyl 3-oxobutanoate -O-C2H5 -CH3 -H 3.9 0.5 42.7 18.3 18.2 1.5

precursor sol 
5 of 

aluminum 
oxide

trifluoroacetylacetone -CF3 -CH3 -H 4.6 0.5 44.3 19.0 17.5 1.5

precursor sol 
6 of 

aluminum 
oxide

tert-butyl 
acetoacetate

-O-C-(CH3)3 -CH3 -H 4.7 0.5 44.5 19.1 17.4 1.5

(Note 1) *"Amount of stabilizer (molar amount)" represents the molar equivalent of the stabilizer with respect to aluminum sec- butoxide.
(Note 2) *"Amount of aluminum alkoxide (% by weight)" represents the percent by weight of aluminum sec-butoxide serving as a raw material with respect to the precursor
sol of aluminum oxide.
(Note 3) *"Catalytic water (molar equivalent) represents the molar equivalent of catalytic water with respect to aluminum sec-butoxide.
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EXAMPLE 1

[0122] An appropriate amount of SiO2-TiO2 sol 7 was dropped onto a flat glass plate (S-LAH55, n = 1.83 at 550 nm)
that had been subjected to cleaning in the foregoing manner. Spin coating was performed at 3000 rpm for 20 seconds.
The glass base was baked at 200°C for 12 hours in a circulating hot air oven, thereby producing a flat glass plate with
a SiO2-TiO2 layer.
[0123] An appropriate amount of precursor sol 1 of aluminum oxide was dropped onto the flat glass plate with a
SiO2-TiO2 layer. Spin coating was performed at 3500 rpm for 20 seconds. The glass base was baked at 140°C for 2
hours in the circulating hot air oven, thereby forming an amorphous aluminum oxide film.
[0124] The aluminum oxide film was immersed in hot water with a temperature of 75°C for 20 minutes and then dried
at 60°C for 20 minutes.

EXAMPLE 2

[0125] The same operation was performed as in Example 1, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 2 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.

EXAMPLE 3

[0126] The same operation was performed as in Example 1, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 3 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.
[0127] In each of Examples 1 to 3, the reflectivity was measured. The results demonstrated that the optical films made
from the precursor sols of aluminum oxide according to aspects of the present invention have low mean reflectivities.
Furthermore, the nonuniformity of the film due to aggregation was not observed.

EXAMPLE 4

[0128] An appropriate amount of precursor sol 1 of aluminum oxide was dropped onto the Si base that had been
subjected to cleaning in the foregoing manner. Spin coating was performed at 3500 rpm for 20 seconds. The Si base
was baked at 140°C for 2 hours in a circulating hot air oven, thereby forming an amorphous aluminum oxide film. The
aluminum oxide film was immersed in hot water with a temperature of 75°C for 20 minutes and then dried at 60°C for
20 minutes.

EXAMPLE 5

[0129] An appropriate amount of precursor sol 1 of aluminum oxide was dropped onto the Si base that had been
subjected to cleaning in the foregoing manner. Spin coating was performed at 3500 rpm for 20 seconds. The Si base
was baked at 200°C for 2 hours in a circulating hot air oven, thereby forming an amorphous aluminum oxide film. The
aluminum oxide film was immersed in hot water with a temperature of 75°C for 20 minutes and then dried at 60°C for
20 minutes.
[0130] In each of Examples 4 and 5, the surface of the sample was analyzed by X-ray photoelectron spectroscopy at
a photoelectron take-off angle of 45°. Table 3 shows the results. Next, in each of Examples 4 and 5, the surface of the
sample was analyzed by XPS at a photoelectron take-off angle of 75°. Table 4 shows the results. Furthermore, the
values of X, Y, and Y - X were determined from these results, and the mean reflectivities and the appearance were
evaluated. Table 5 shows the results.
[0131] Letting the number of aluminum atoms obtained by analyzing the surface of the sample using X-ray photoelectron
spectroscopy at a photoelectron take-off angle of 45° be 1, X represents the ratio of the number of oxygen atoms to the
number of aluminum atoms, i.e., O/Al.
[0132] Letting the number of aluminum atoms obtained by analyzing the surface of the sample using X-ray photoelectron
spectroscopy at a photoelectron take-off angle of 75° be 1, Y represents the ratio of the number of oxygen atoms to the
number of aluminum atoms, i.e., O/Al.
[0133] For each of the optical films made from the precursor sols of aluminum oxide according to aspects of the present
invention, the difference between Y and X was small. This indicated a small difference in terms of the crystal state of
aluminum oxide between the surface portion and the inner portion of the textured structure, a satisfactory reaction state,
and the excellent uniformity of the film. Furthermore, X measured at a photoelectron take-off angle of 45° was larger
than 2. This demonstrated that the surface portion of the textured structure had a small refractive index. Moreover, the
mean reflectivity was low, and the nonuniformity of the film due to aggregation was not observed.
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COMPARATIVE EXAMPLE 1

[0134] The same operation was performed as in Example 1, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 4 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.

COMPARATIVE EXAMPLE 2

[0135] The same operation was performed as in Example 1, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 5 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.

COMPARATIVE EXAMPLE 3

[0136] The same operation was performed as in Example 1, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 6 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.
[0137] In each of Comparative Examples 1 to 3, the reflectivity was measured. The results demonstrated that it is
difficult to achieve satisfactory antireflection performance comparable to that of the optical film according to aspects of
the present invention under the same baking conditions. Furthermore, when the precursor sol of aluminum oxide was
spin-coated on the flat glass plate, nonuniformity 1 of the film formed in Comparative Examples 1 and nonuniformity 2
of the film formed in Comparative Examples 2 were observed.

COMPARATIVE EXAMPLE 4

[0138] The same operation was performed as in Example 4, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 4 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.

COMPARATIVE EXAMPLE 5

[0139] The same operation was performed as in Example 5, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 4 of aluminum oxide in place of the precursor sol 1 of aluminum oxide.
[0140] In each of Comparative Examples 4 and 5, the elementary analysis of the surface portion was performed by
XPS analysis. Table 3 shows the results. Next, in each of Comparative Examples 4 and 5, the elementary analysis of
the inner portion was performed by XPS analysis. Table 4 shows the results. Furthermore, the values of X, Y, and Y -
X were determined from these results, and the mean reflectivities and the appearance were evaluated. Table 5 shows
the results.
[0141] Letting the number of aluminum atoms obtained by analyzing the surface of the sample using X-ray photoelectron
spectroscopy at a photoelectron take-off angle of 45° be 1, X represents the ratio of the number of oxygen atoms to the
number of aluminum atoms, i.e., O/Al.
[0142] Letting the number of aluminum atoms obtained by analyzing the surface of the sample using X-ray photoelectron
spectroscopy at a photoelectron take-off angle of 75° be 1, Y represents the ratio of the number of oxygen atoms to the
number of aluminum atoms, i.e., O/Al.
[0143] The results demonstrated that in each of Comparative Examples 4 and 5, the structural difference between
the surface portion and the inner portion was large and the surface portion of the structure had a high refractive index.
The results also demonstrated that it is difficult to achieve satisfactory antireflection performance comparable to that of
the optical film according to aspects of the present invention under the same baking conditions. Furthermore, when the
precursor sol of aluminum oxide was spin-coated on the flat glass plate, nonuniformity 1 of the film was observed.

[Table 2]

Sol Stabilizer
Film-formation 
temperature 

(°C)

Mean 
reflectivity (%)*

Surface 
observation

Example 1
precursor sol 1 

of aluminum 
oxide

3-methyl-2,4-
pentanedione

140 0.09
no 

nonuniformity 
of film

Example 2
precursor sol 2 

of aluminum 
oxide

3-ethyt-2,4-
pentanedione

140 0.11
no 

nonuniformity 
of film
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(continued)

Sol Stabilizer
Film-formation 
temperature 

(°C)

Mean 
reflectivity (%)*

Surface 
observation

Example 3
precursor sol 3 

of aluminum 
oxide

3-butyt-2,4-
pentanedione

140 0.12
no 

Nonuniformity 
of film

Comparative 
Example 1

precursor sol 4 
of aluminum 

oxide
ethyl 3-oxobutanoate 140 0.23

nonuniformity 1 
of film

Comparative 
Example 2

precursor sol 5 
of aluminum 

oxide
trifluoroacetylacetone 140 0.83

nonuniformity 2 
of film

Comparative 
Example 3

precursor sol 6 
of aluminum 

oxide

tert-butyl 
acetoacetate

140 0.30
nonuniformity 1 

of film

(Note 4) *"Mean reflectivity (%)" represents the mean reflectivity in the wavelength range of 400 nm to 700 nm at an
incident angle of 0°.

[Table 3]

Sol Stabilizer
Film-formation 
temperature 

(°C)

Composition
O/Al → X

C1s O1s F1s Al2p

Example 4
precursor sol 
1 of aluminum 

oxide

3-methyl-2,4-
pentanedione

140 2.32 68.62 0.32 28.74 2.39

Example 5
precursor sol 
1 of aluminum 

oxide

3-methyl-2,4-
pentanedione

200 2.47 68.77 0.23 28.52 2.41

Comparative 
Example 4

precursor sol 
4 of aluminum 

oxide

ethyl 3-
oxobutanoate

140 2.97 62.37 0.06 34.60 1.80

Comparative 
Example 5

precursor sol 
4 of aluminum 

oxide

ethyl 3-
oxobutanoate

200 3.29 63.18 0.07 33.46 1.89

[Table 4]

Sol Stabilizer
Film-formation 
temperature 

(°C)

Composition
O/A! →Y

C1s O1s F1s Al2p

Example 4
precursor sol 
1 of aluminum 

oxide

3-methyl-2,4-
pentanedione

140 2.17 70.55 0.35 26.93 2.62

Example 5
precursor sol 
1 of aluminum 

oxide

3-methyl-2,4-
pentanedione

200 2.24 70.86 0.49 26.41 2.68
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EXAMPLE 6

[0144] An appropriate amount of precursor sol 1 of aluminum oxide was dropped onto a flat glass plate (L-BAL 42, n
= 1.58 at 550 nm) that had been subjected to cleaning in the foregoing manner. Spin coating was performed for 20
seconds. The glass base was baked for 30 minutes in a circulating hot air oven, thereby forming an amorphous aluminum
oxide film. Table 6 shows the number of revolutions during spin coating and the film-formation temperature during baking
in the circulating hot air oven.
[0145] The aluminum oxide film was immersed in hot water with a temperature of 75°C for 20 minutes and then dried
at 60°C for 20 minutes.

EXAMPLE 7

[0146] The same operation was performed as in Example 6, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 2 of aluminum oxide in place of the precursor sol 1 of aluminum oxide at the
number of revolutions during spin coating and the film-formation temperature during baking in the circulating hot air oven
shown in Table 6.

(continued)

Sol Stabilizer
Film-formation 
temperature 

(°C)

Composition
O/A! →Y

C1s O1s F1s Al2p

Comparative 
Example 4

precursor sol 
4 of aluminum 

oxide

ethyl 3-
oxobutanoate

140 2.63 68.90 0.25 28.22 2.41

Comparative 
Example 5

precursor sol 
4 of aluminum 

oxide

ethyl 3-
oxobutanoate

200 3.16 69.16 0.49 27.20 2.54

[Table 5]

Sol Stabilizer

Film-
formation 

temperature 
(°C)

X Y Y-X
Mean 

reflectivity
Surface 

observation

Example 4

precursor 
sol 1 of 

aluminum 
oxide

3-methyl-2,4-
pentanedione

140 2.39 2.62 0.23 0.09
no 

nonuniformity 
of film

Example 5

precursor 
sol 1 of 

aluminum 
oxide

3-methyl-2,4-
pentanedione

200 2.41 2.68 0.27 0.10
no 

nonuniformity 
of film

Comparative 
Example 4

precursor 
sol 4 of 

aluminum 
oxide

ethyl 3-
oxobutanoate

140 1.80 2.41 0.61 0.23
nonuniformity 

1 of film

Comparative 
Example 5

precursor 
sol 4 of 

aluminum 
oxide

ethyl 3-
oxobutanoate

200 1.89 2.54 0.65 0.12
nonuniformity 

1 of film
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EXAMPLE 8

[0147] The same operation was performed as in Example 6, except that the amorphous aluminum oxide film was
formed at the number of revolutions during spin coating and the film-formation temperature during baking in the circulating
hot air oven shown in Table 6.

EXAMPLE 9

[0148] The same operation was performed as in Example 6, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 2 of aluminum oxide in place of the precursor sol 1 of aluminum oxide at the
number of revolutions during spin coating and the film-formation temperature during baking in the circulating hot air oven
shown in Table 6.

EXAMPLE 10

[0149] The same operation was performed as in Example 6, except that the amorphous aluminum oxide film was
formed at the number of revolutions during spin coating and the film-formation temperature during baking in the circulating
hot air oven shown in Table 6.

EXAMPLE 11

[0150] The same operation was performed as in Example 6, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 2 of aluminum oxide in place of the precursor sol 1 of aluminum oxide at the
number of revolutions during spin coating and the film-formation temperature during baking in the circulating hot air oven
shown in Table 6.
[0151] The reflectivity was measured. The results demonstrated that the optical films of the optical members according
to aspects of the present invention have low mean reflectivities and low degrees of minute light scattering. Furthermore,
the nonuniformity of the film due to insufficient baking was not observed.

Comparative Example 6

[0152] The same operation was performed as in Example 6, except that the amorphous aluminum oxide film was
formed by the use of the precursor sol 6 of aluminum oxide in place of the precursor sol 1 of aluminum oxide at the
number of revolutions during spin coating and the film-formation temperature during baking in the circulating hot air oven
shown in Table 6.
[0153] In the case of using precursor sol 6 of aluminum oxide, it was difficult to achieve high antireflection performance
unless the film-formation temperature was 180°C or higher. Furthermore, in the case of a film-formation temperature of
180°C, the degree of minute light scattering was degraded.

[Table 6]

Sol
Number of 
rotations 
(rpm) .

Film-
formation 

temperature 
(°C)

Mean 
reflectivity 

(%)*

Surface 
observation

Degree of 
minute light 
scattering*

Example 6

precursor sol 
1 of 

aluminum 
oxide

2500 120 0.16
no 

nonuniformity 
of film

4.14

Example 7

precursor sol 
2 of 

aluminum 
oxide

2000 120 0.12
no 

nonuniformity 
of film

3.44

Example 8

precursor sol 
1 of 

aluminum 
oxide

2500 160 0.21
no 

nonuniformity 
of film

5.31
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Evaluation of Performance

[0154] The results in Examples 1 to 3 demonstrated that precursor sols 1 to 3 of aluminum oxide containing the organic
aluminum compounds with specific structures have the effect of reducing the reflectivity and the effect of inhibiting the
nonuniformity of the films due to the aggregation of the organic aluminum compounds. Meanwhile, in Comparative
Examples 1 to 3, the precursor sols of aluminum oxide had poor coatability, thus providing the optical films having low
antireflection performance.
[0155] The results in each of Examples 4 and 5 demonstrated that the crystal structure of the optical member produced
by the use of precursor sol 1 of aluminum oxide containing the organic aluminum compound with specific structure has
the effect of reducing the reflectivity and the effect of inhibiting the nonuniformity of the film due to the aggregation of
the organic aluminum compound. Meanwhile, the results in Comparative Examples 4 and 5 demonstrated that with
respect to the optical member produced by the use of precursor sol 4 of aluminum oxide that does not have a specific
structure, the optical film had low antireflection performance because of the poor coatability of the precursor sol of
aluminum oxide. Furthermore, the results also demonstrated that even if the optical member was subjected to high-
temperature baking treatment, the organic aluminum compound was not sufficiently removed, so that the optical member
did not have performance comparable to that of the optical member produced in each of Examples 4 and 5.
[0156] The results in each of Examples 6 to 11 demonstrated that the optical member according to aspects of the
present invention has a low degree of minute light scattering and high antireflection performance without causing the
nonuniformity of the film even at a low film-formation temperature. Meanwhile, for the precursor sol of aluminum oxide
used in Comparative Example 6, a low film-formation temperature resulted in the nonuniformity of the film due to insuf-
ficient baking, thus providing the optical member having poor antireflection performance. So, the film-formation temper-
ature should be increased. However, the degree of minute light scattering of the optical member formed even at a high
film-formation temperature was higher than that of the optical member according to aspects of the present invention.
[0157] The optical member produced according to aspects of the present invention is usable on a transparent base
with any refractive index, provides excellent antireflection performance, and has a long-term weather resistance. Thus,
examples of a member for which the optical member according to the present invention can be used include various
displays of word processors, computers, television sets, and plasma display panels; optical members, such as polarizer
of liquid crystal displays, sunglass lenses, graduated eyeglass lenses, finder lenses for cameras, prisms, fly-eye lenses,
toric lenses, various optical filters, and sensors formed of various optical glass materials and transparent plastics; imaging

(continued)

Sol
Number of 
rotations 
(rpm) .

Film-
formation 

temperature 
(°C)

Mean 
reflectivity 

(%)*

Surface 
observation

Degree of 
minute light 
scattering*

Example 9

precursor sol 
2 of 

aluminum 
oxide

2000 160 0.12
no 

nonuniformity 
of film

3.87

Example 10

precursor sol 
1 of 

aluminum 
oxide

2500 180 0.21
no 

nonuniformity 
of film

5.04

Example 11

precursor sol 
2 of 

aluminum 
oxide

2000 180 0.12
no 

nonuniformity 
of film

4.33

Comparative 
Example 6

precursor sol 
6 of 

aluminum 
oxide

3000 180 0.22
no 

nonuniformity 
of film

6.93

(Note 5) *"Mean reflectivity (%)" represents the mean reflectivity in the wavelength range of 400 nm to 700 nm at an
incident angle of 0°.
(Note 6) *"Degree of minute light scattering" represents the value measured by the predetermined method.
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optical systems, observation optical systems such as binoculars, and projection optical systems for use in liquid crystal
projectors using those optical members; various optical lenses of scan optical systems for use in laser printers; and
optical members, such as covers of various instruments and window glasses of automobiles and electric trains.
[0158] While the present invention has been described with reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent structures and functions.

Claims

1. A precursor sol of aluminum oxide comprising:

a polycondensate formed by the hydrolysis of an aluminum alkoxide or an aluminum salt;
a solvent; and
an organic aluminum compound of general formula (1):

wherein R1 and R2 each represent an alkyl group having 1 to 6 carbon atoms, a perfluoroalkyl group, or an allyl
group; R3 represents an alkyl group having 1 to 6 carbon atoms, a perfluoroalkyl group, an allyl group, or an
aryl group; and n represents an integer of 1 to 3.

2. The precursor sol of aluminum oxide according to Claim 1, wherein the solvent is a monohydric alcohol having 5 to
8 carbon atoms.

3. The precursor sol of aluminum oxide according to Claim 1, further comprising:

an acid or a base.

4. A method for producing an optical member, comprising the steps of:

(a) feeding a precursor sol of aluminum oxide (2) according to Claim 1 onto at least one surface of a base (1) ;
(b) spreading the precursor sol of aluminum oxide (2) on the base (1);
(c) drying and/or baking the base (1) to form an aluminum oxide film (3); and
(d) immersing the aluminum oxide film (3) in hot water with a temperature of 60°C to 100°C to form a textured
structure (5) made of aluminum oxide crystals.

5. An optical member comprising:

a layer (4) on a surface of a base (1), the layer (4) mainly containing aluminum oxide and having a textured
structure (5) formed of aluminum oxide crystals,
wherein the optical member meets the following expression (1): 
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where letting the number of aluminum atoms obtained by analyzing a surface of the optical member using X-
ray photoelectron spectroscopy at a photoelectron take-off angle of 45° be 1, X represents the ratio of the
number of oxygen atoms to the number of aluminum atoms, i.e., O/Al; and
letting the number of aluminum atoms obtained by analyzing the surface of the optical member using X-ray
photoelectron spectroscopy at a photoelectron take-off angle of 75° be 1, Y represents the ratio of the number
of oxygen atoms to the number of aluminum atoms, i.e., O/Al.

6. The optical member according to Claim 5, wherein X exceeds 2.0.

7. An optical member comprising:

a layer (4) on a surface of a base (1), the layer (4) being mainly composed of aluminum oxide and having a
textured structure (5) composed of aluminum oxide crystals,
wherein the textured structure (5) has a height of 240 nm or more and a degree of minute light scattering of 6.0
or less.
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