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(57) Abstract: A glass composition for ultraviolet light is provided. The glass composition for ultraviolet light contains Lu, Al,
and 0 in an amount of 99.99 weight % or more in total. The glass composition contains Lu in an amount of 24 % or more and 33 %
or less in cation percent and Al in an amount of 67 % or more and 76 % or less in cation percent.
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DESCRIPTION .

GLASS COMPOSITION FOR ULTRAVIOLET LIGHT AND

OPTICAL DEVICE USING THE SAME

[TECHENICAL FIELD]
5 The present invention relates to a glass
composition for ultraviolet light, particularly an

oxide glass composition suitable for an optical member

used in an optical device.

[BACKGROUND ART]

An optical member is utilized in a wide range

of fields such as a camera and'a.telescope. The

optical member can be roughly classified into two
types using a crystal as a raw material and glass as
the raw material.. A crystalline optical member of
these optical members is divided in use dépending on a

crystal system. An optical member used as a-lens in an

imaging optical system is formed of a cubic crystal.

"By using an optically isotropic cubic crystal, it is

possible to reduce'birefringence or the like due to

optical anisotropy.
As a glass composition, International
Publication No. WO 01/27046 describes glass containing

aluminum oxide in an amount of 50 molar % or more and

77 molar % and rare earth oxides in an amount of 25
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molar % or more and 50 molar % or less. This
publication also discloses lutetium (Lu) as a rare
earth element.

With high integfation_of a semiconductor
integrated circuit, demands on ultrafine pattern
formation have increasingly grown. A reduced
projection exposure device (stepper) of a

step-and-repeat type for transferring a minute pattern

.onto a wafer grows more sophisticated, so that a

Wavelength of a light source for exposure is shifted
to a short wavelength. An optical‘member which
receives attention in optical members for that purpose
is-a cubic calcium fluoride singlé‘crystal having a
high transmittance in an ultraviolet region. Further,
in recent years, development of optical‘members using
Lu, AL, Mg, énd the like higher in refractivity than
Si has been tried in order to realize a high
refréctive'index of an 'optical member for the purpose
of providing a higher resolution. For example,
development of cubic crystals such as lutetium

aluminum garnet single crystal (Lu3AlgOqp), magnesium

oxide single crystal (MgO), and magnesium spinel

single crystal (MgAlpO4) have been actively carried

out.  Particularly, the lutetium aluminum garnet single
crystal has a high refractive index, thus being
expected for future development. For example, the

lutetium aluminum garnet single crystal has a
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refractive index of 2.1 at a wavelength of 193 nm.
Quartz glass has a refractive index of 1.56 at the

wavelength of 193 nm and the calcium fluoride single

.crystal has a refractive index of 1.50 at the

waveléngth of 193 nm.

In the single crystal materials, there arises
a problem of an occurreﬁce of intrinsic birefringence
(IBR). MgO and Al»04 have IBR values of 70 nm/cm
(extrapdlated value) and 52 nm/cm (extrapolated wvalue),

which are considerably larger than that (3.4 nm/cm) of

_ CaFZ (John H. Burnett, Simon G, Kaplan, Eric L..

Shirley, Paul J. Tompkins, and James E. Webb,
"High-Index Materials for 193 nm Immersion Lithography,
Proceedings of the SPIE, Volume 5754, pp. 611 - 621 |
(2005)) . |

Fdr this reason, dévelopment of a material
causing no IBR is required. As an examplé of
development of a high-refractive index optical member

having a high transmittance in the ultraviolet region,

‘an attempt is made to increase the refractive index by

realizing permanent high density of quartz glass under
application of a bressure (Phys. Chem. Glasses 10, 117
(1869)). However, 'a change in refracti;e indek_by the
pressure application is small, so that the above
described high-refractive index optical member has not
been put into practical use.

In summary, it is difficult to increase the
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refractive index of the quartz glass, and the
crystalline optical member such as the lutetium
aluminum garnet single crystal causes the IBR. Further,
when the above described optical members are used in

an immersion exposure device as an optical device, the
optical members have not been sufficient in terms of

various characteristics.

[DISCLOSURE OF THE INVENTION] .
The present invention has been accomplished in

view of the above-described circumstances. A principal

object of the present invention is to provide a glass

composition for ultraviolet 1light causing no problem
of an occurrence of intrinsic birefringence (IBR).

Another object of the present invention is to
provide a glass composition for ultraviolet light
having a high refractive index and a high
transmittance and causing less or nc IBR and less or
no stress birefringence (SBR).

A further object of the present invention is
to provide a glass composition for ultraviolet light
having a resistance to light of a light source and a
resistance to a liquid used.

A still further object of the present
invention is to provide optical devices using the
aboye—described glass composition for ultraviolet

lights.
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According to an aspect of the present

there is provided a glass composition for

invention,
comprising:
Q

o

ultraviolet light,
and O in an amount of 99.99 weight

Lu, Al,

or more in total,
wherein the glass composition contains Lu in

% or less in cation

% or more and 33

o
Q

an amount of 24
[ o
(¢] o]

percent and Al in an amount of 67 or more and 76

or less in cation percent.
According to another aspect of the present

10
invention, there is provided an optical device

VCOmprising:
a light source for generating ultraviolet

light; and
an optical system for irradiating an object

15
with the ultraviolet light from the light source,

wherein the optical system includes an optical

member comprising a base material and/or an optical

thin film, and
wherein the base material and/or the optical

20
thin film comprises a glass composition for

comprising: ,
o
°

ultraviolet 1light,
Lu, Al, and O in an amount of 99.99 weight

or more in total,
wherein the glass composition contains Lu in
"or less in cation

25

% or more and 33 %
(A
©

an amount of 24

percent and Al in an amount of 67 or more and 76

%
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or less in cation percent..

According to a further aspect of the present
invention, there is provided an optical device
comprising:

a light source for generating ultraviolet
light; and |

an optical system for irradiating an object
with the ultraviolet light from the light source,

wherein the optical system includes a first
optical member and a second optical member having a
reffactive index largef than thét of the first optical
member, and

.wherein the second optical member comprises a
base material comprising a glass composition for
ultraviolet light, comprising:

Lu, Al, and O in an amount of 99.99 weight %
or more in total, |

| wherein the glass composition contains Lu in

o]

an amount of 24 % or more and 33 % or less in cation
percent and Al in an amount of 67 % or ﬁore and 76 %
or less in cation percent.

As a result of study on glass materials free

from IBR, the present inventors have found that a

composition of Lu, Al, and O is not crystallized but

is vitrified (changed into an amorphous substance)

when the composition of Lu, Au, and O is.in a

particular range as described above. An oxide of Lu
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itsélf is little vitrified but has é higher refractive
index (1.933 at a wavelength of 587.6 nm) compared
with a refractive index (1.458 at a‘wavelength of
587.6 nm) of an oxidelof Si. The composition 6f an Lu
5 oxide and an Al oxide in the particular range is
]

vitrified to constitute a glass composition having a
high refractive index.

According to the present invention, with
respect to ultrayiolet lights having wavelengths of

10 365 nm, 248lnm, 193 nm, and the like, it is possible
to provide a glass composition having solved the above
described problem of'the occurrence of the IBR
(intrinsic birefringence).

Further, according to the present invention,

15 it is'possible to provide a glass composition for
ultraviolet light having a low SBR (stress
birefringence) and resistances to ultraviolet light
and a liquid uéed and provide an optical device using
the glass comppsitioﬁ for ultraviolet light.

20 - These and other objects, features and
-advantages ofAthe present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the
present invention taken in conjunction -with the

25 accompanying drawings.

[BRIEF.DESCRIPTION QF THE DRAWINCS]

Figure 1 is a schematic view showing an
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optical device according to an embodiment of the
pfesent'invention.

Figure 2 is a schematic view showing a gas jet
levitation device. g

Figure 3 is a graph showing an X-ray
scattering pattern of glass obtained in Example 1 of
the present invention.

Figure 4 is a schematic view showing an X-ray
diffracfing device.

Figure 5 is an X-ray photograph showing an

X—ray scattering pattern of glass obtained in Example

4 of the present invention.

[BEST MODE FOR CARRYING OU.T THE INVENTION]
Embodiments for carrying out the present
invention are shown below. However, it should be
ﬁnderstood that the following description does.not
limit the scope of the present invention unless
otherwise specified.
(Embodiment 1)
A glass composition according to Embodiment 1
of the present invention contains Lu, Al, and O in an
amount of 99.99 weight (wt.) % in total and contains

) (o}

Lu in an amount of 24 % or more and 33 % or less in
cation percent and Al in an amount of 67 % or more and
76 % or less in cation percent.

In an oxide glass composition, when a main

PCT/JP2007/072989
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component of the glass is consisting of Lu, AL, and O,
a vitrifiable range is determined by contents thereof.
Vitrification is performed by a method in which melt
of a target composition is prepared and abruptly
cooled or by a vapor phase synthesizing method such as
chemical vapor deposition (CVD) or the like. |
The glass composition of this embodiment
contains Lu, Al, and O in the total amount of 99.99

wt. %, preferably in a total amount unlimitedly closer

to 100 wt. %$. As described above, this glass

o

.composition contains Lu in the amount of 28 % or more

and 32 % or less in cation percent and Al in the
amount of 68 % or more and 72 % or less in cation
percent. When the contents of Lu and Al are within

these ranges, the composition is changed into an

amorphous substance, thus being preferable since the

‘problem of the intrinsic birefringence (IBR) does not

arise.

Herein, tﬁe cation percent of Lu means a ratio
of the ion number of a cation of Lu to the sum of the
ion ﬁumber of cations of Lu and Al. The cation percent
of Al means a ratio of the ion number of the cation of
Lu to the sum of the ion number of the cations of Lu
and Al.

The glass composition of Lu, Al, and O

described above may preferably be consisting of LupO3

~and Alp03. In this case, the contents of Luy03 and
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Al,03 may preferably be represented by Lu in the

Q

amount of 24 % or more and 33 % or less in cation
percent and Al in the amount of 67 % or more and 76 %
of less in cation percent.

In the glass composition, an impurity impairs
vitrification and genefates a defective portion in
many cases, so that the content thereof may
appropriately be controlled in an amount of 100 ppm or
less. On the other hand, boron (B) may be added to the
glass composition as desired.

The above-described glass composition itself
can be utilized as not only a base material (glass
material) of a lens but also a sputtering target to be
used for forming an optical thin film. |

These lens and optical thin film may suitably
be used as an optical member through which ultraviolet
light with a wavélength of 365 nm or less, preferably
248 nm or less, further preferably 193 nm or less,'
passes.

(Embodimegt 2)

In an exposure device as an optical device
according to Embodiment 2 of the present‘invention, a
light source for generating light in a vacuum
ultraviolet region with a wavelength of 200 nm or less
Ke.g.,-ArF excimer laser; oscillation wavelength = 193
nm) is used. This is because a resolution line width

is smaller with a smaller exposure wavelength and a
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larger numerical aperture, thus improving a resolution.
In this embodiment, a liquid is filled between
an exposure substrate and a final lens of the exposure
device to substantially decrease a wavelength of light
at the'surface of the exposure substrate, thus
constituting an immersionrexposure device for
improving a résolution. |
The immersion exposure device at least
includes.the light source, an illumination optical
system, an optical mask (reticle), a projection

optical system, and a supply/recovery device for the

liquid. Exposure to light is performed in a state in

thch the liquid is filled between a lens (final lens)
provided at an end of the projection optical system
close to the exposure substrate and the exposure
substrate provided with a photosensitive film.

The final lens of such an immersion exposure
device is required to have a high refractive index and

a high transmittance at & wavelength of light from the

~light source. Further, the final lens is also required

to cause less or no birefringence (IBR and SBR). In,
addition, the final lens is required to have
resistances to the light from the light source and the

liquid used. For these increases, in Embodiment 2, the

‘lens comprising the glass composition described in

Embédiment 1 is used as the final lens. As lenses

other than the final lens, lenses of quartz glass are

PCT/JP2007/072989
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used.

Oh these lenses, an optical thin film for

preventing reflection is‘formed as desired.
| Figﬁre 1 is a schematic view‘of the immersion
exposure device.

Referring to Figureil, an immefsion exposure
device 11 includes an illumination optical system 13,
én optical mask (reticle) 14, a projection optical
system 15 separated from the illumination optical
system 13 by the mask 14, liquid supply/recovery
devices 17 and 18, a stage 25 capable of moving an
exposure substrate, and a laser light source 26.

The projection optical system 15 includes
lenses formed of quartz glass as a first optical
member having a relatively low refractive index and a
final lens 19 as a second optical member having a
relatively high refractive index. The.projection
optical system 15 effects exposure by irradiating an
exposure substrate 21 provided with a photosensitive
film as an objected (to be exposed) with ultraviolet

light in a state in which a liquid 23 is filled

.between the final lens 19 and the exposure substrate

21 provided with the photosensitive film.

By this exposure, a pattefn of the optiéal
mask (reticle) 14 is reduced in\size and can be
transferred onto the exposure substrate 21. In Figure

4, the iiquid 23 is held only between the final lens
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19 and the exposure substrate 21 but is not limited

thereto. For example, the entire substrate 21 may also
be immersed in the liquid 23. As the liquid 23, it is

possible to use pure water having a refractive index

[e]

(at 20 "C) of 1.44 with respect to a wavelength of 193
nm and a fluorine-containing organic solvent.

The immersion exposure device of Embodiment 2

"may preferably include a laser light'source with‘a

wavelength of 200 nm as the light source. More
specifically, the immersion exposure device includes
an ArF excimer laser oscillator or an F2 excimer laser
oscillator. By using such a laser light source with a
short wavelength as the-light source, a resolution of
the resultant exposure device éan be improved.

The optical member according to this
embodiment is suitably used as an optical member for
an exposure device transparent to vacuum ultraviolet
light with a wavelength of 193 nm.

(Embodiment 3) -

An optical device-according to Embodiment 3 of
the present invention includes a light source for
generating ultraviolet light and an optical System for
irradiating an object with the ultraviolet light from
the light source. The optical system inéludes an
optical meﬁber comprising a base material and/or an
optical thin film. The base material and/or the

optical thin film comprises a glass composition for
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ultraviolet light, comprising: Lu, Al, and O in an
amount of 99.99 weight % or more in total, wherein the
glass composition contains Lu . in an amount of 24 % or
more and 33 % or less in cation percent and Al in an
amount of 67 % or more and 76 % or less in cation
percent.

In other words, a lens isiprepared by using
the above-described glass composition for ultraviolet

light itself as the base material.

Alternatively, an optical member lens such as

‘a lens or a mirror is prepared by forming an optical

thin film with a high refractive index on a surface of
the base material such as a silicon wafer or quartz
glass through sputtering using the above-described
glass composition for ultraviolet light as a target.
The optical thin film is characterized by containing
Lu, Al, and O in an amount of 99.99 weight % or more
in total and containing Lu in an amount of 24 % or
more and 33 % or less in cation percent and Al in an
amount of 67 % or more and 76 % or less in‘cation
percent.

The optical member according to this
embodiment is suitably used as an optical member for
an optical device transparent to ultraviolet light
with a wavelength of 365 nm or less, preferably 248 nm -

or less, further preferably 193 nm or less.

The present invention is described more
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specifically based on Examples below.
(Example 1)

As starting materials for synthesizing glass,
Lup03 (purity: 99.99 wt. %) and Al»03 (purity: 99.998
wt. %) were used. These starting materials were
weighed and sufficiently mixed in a mortar in a weight
ratio (Lup03:Al1203) of 1.92:1 so that Lup0O3 and Aly03
contain Lu in an amount of 33 % in cation percent and

Al in an amount of 67 % in cation percent,

respectively. Thereafter, about 100 mg of the mixture

- was partly melted by irradiation with a carbon dioxide

gas laser and an output of the laser was lowered, SO

that a spherical polycrystalline aggregate was

prepared.

This polycrystalline aggregate as a sample 1
was set on a copper nozzle 2 of the gas jet levitation
device shown in Figure 2 and was then heated again by
the carbon dioxide gas laser 4 in a floating state
created by using Ar gas 3, thus being completely
melted. In that state, the output of the laser was cut
off to ebruptly cool the sample 1, so that a
traneparent spherical'materlal was obtained. This
process was monitored by a radiation pyrometer with
respect to a»temperature but an exothermic reaction
dﬁe to crystallizatlon was not observed.

This transparent spherical material was

examined with respect to the presence or absence of a
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crystal by an X-ray diffraction method, Figure 3 shows
an X-ray Scattering intensity curve of thé transparent
spherical material. In Figure 3, an abscissa

represents Q (= 4 Isin®©/A) and an ordinate represents

‘a scattering intensity I(Q). As a light source, an

X-ray monochromatized to 113.4 KeV was used. Three or
four spherical samples (diameterf 2 - 3 mm) were
placed in a capillary of SiOp glass or-interposed
between kapton films and scattering XQray from the
samplés was measured by a Ge solid detector.. From the

séattering pattern shown in Figure 3, a diffraction

pattern showing crystallinity was not found and the

scattering pattern was a halo pattern charécteriiing
glass, so that it was confirmed that the transparent
spherical material in this example was a glass
{amorphous material).
(Example 2)

As starting materials for synthesizing glass,
Lup03 (purity: 99.99 wt. %) and A1203 (purity: 99.998
Wt. %) were used. These starting materials were

weighed and sufficiently mixed in a mortar in a weight

ratio (Lup03:Al»03) of 1.67:1 so that Lup0O3 and Alp0O3

Q

contain Lu in an amount of 30 % in cation perceﬁt and
Al in an amount of 70 % in cation percent, |

respectivély. Thereafter, about 100 mg of the mixture
was partly melted by irradiation with a carbon dioxide

gas laser and an output of the laser was lowered, so
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that a spherical polycrystalline aggregate wés
prepared.

This polycrystalline aggregate as a sample 1
was set on a copper nozzle 2 of the gas jet levitation
device shown in Figure 2 and was then heated again by
the carbon dioxide gas laser 4 in a floating state
created by using Ar gas 3, thus being completely
melted. 1In that‘state, the output of the laser was cut
off to abruptly cool the sample, so that it wés
possible to obtain a transparent spherical glass. .
(Example 3)

As étarting materials for gynthesizing glass,
Lup0O3 (purity: 99;99.wt. %) and Alp0O3 (pﬁrity: 99.998
wt. %) weré used. These starting materials were

weighed and sufficiently mixed in a mortar in a weight

ratio (Lup03:Al»03) of 1.23:1 so that LupO3 and AlpO3

o)

coﬁtain Lu in an amount of 24 % in cation percent and
Al in an amount of 76 % in cation percent,
respectively. Thereafter, about 100 mg of the mixture

was partly melted by irradiation with a carbon dioxide

gas laser and an output of the laser was lowered, so

3\

that a spherical polycrystalline aggregate was

Pprepared.

This polycrystalline aggregate as a sample 1
was set on a copper nozzle 2 of the gas jet levitation
device shown in Figure 2 and was then heated again by

the carbon dioxide gas laser 4 in a floating state
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created by using Ar gas 3, thus being cOmpletély
melted. In that state, the output of.the laser was cut
off to abruptly cool the sample, so that it was
possible to obtain a transparent spherical glass.
(Example 4) |

As starting materials for synthesizing glass,
LupO3 (purity: 99.99 wt. %) and Aly03 (purity: 99.998
wt. %) were used. These starting materials were
weighed and sufficientiy mixed in a mortar in a weight
ratio (Lup03:Al1203) of 1.44:1 so that Luy03 and Al,03
contain Lu in an amount of 27 % in cation percent and
Al in an amount of 73 % in cation percent,
respectively. Thereafter, about 100 mg of the mixture
wasvpartly melted by irradiation with a carbon dioxide
gas laser and an output of the laser was lowered, so
that a spherical polycrystallineiaggregate was
prepared.

This polycrystalline aggregate as a sample ll
was set on a copper nozéle 2 of the gas jet levitation
device shown in Figure 2 and was then heated again by
the carbon dioXide gas laser 4 in a floating state
created by using Ar gas 3, thus being completely
melted. In that state, the output of the laser was cut
off to abruptly cool the sémple, so that it was
possible to obtain-a transparent épherical material.

This transparent éphérical material was

examined with respect.to the presence or absence of a
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crystal by an X-ray diffraction method. Figure 4 shows
a layout diagram of an X-ray diffracting device. 1In
Figure 4, as a radiation source of an X-ray generating
device 5, MO was used and X-ray was monochromatized by
a graphite monochromator 6. Thereafter, the X-ray was
changed to a beam of 0.8 mm in diameter by a
collimator 7 and entered a sample 8. Scattering X-ray
from the samples was recorded by an imaging plate 9.
In front of the imaging plate 9, a beam stopper 10 is
disposed. The resultant scattering pattérn is shown in
Figure 5. As understood from the scattering pattern
shown in Figure 5, a diffraction pattern showing
crystallinity was not found and scattering from glass
was confirmed, so that it was confirmed that the
transparent spherical material in this example was a
glass (amorphous material). |
(Comparative Example 1)

As starting materials for synthesizing glass,
Luy03 (purity: 99.99 wt. %) and Al,O3 (purity: 99.998
wt. %) were used. These starting materials were

weighed and sufficiently mixed in é mortar in a weight
ratio (Lup03:Al203) of 1.10:1 so that Lup03 and A1203
contain Lu in an amount of 22 % in cation percent and
Al in an amount of 78 % in cation percent,

respectively. Thereafter, about 100 mg of the mixture
was partly melted by irradiation with a carbon dioxidé

gas laser and an output of the laser was lowered, so
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that a spherical polycrystalline aggregate was
prepared.

This polycrystalline -aggregate as a sample 1
was set on a copper nozzle 2 of the gas jet levitation
device  shown in Figure 2 and was then heated again by
the carbon dioxide gas laser 4 in a floating state
created by using Ar gas 3, thus being completely
melted. In that state, the output of the laser was cut
off to abruptly cool the sample, so that it was found
that the resultant sample became white and turbid,
thué being in a polycrystalline state.

(Comparative Example 2)

As starting materials for synthesizing glass,

Lup03 (purity: 99.99 wt. %) and A1203 (purity: 99.998

wt. %) were used. These starting materials were

weighed and sufficiently mixed in a mortar in a weight

ratio (Lup03:Al203) of 2.10:1 so that LupO03 and Alp03

o)

contain Lu in an amount of 35 % in cation percent and

Q

Al in an amoﬁnt of 65 % in cation percent,
respectively. Thereafter, about 100 mg of the mixture
was partly melted by irradiation with a carbon dioxide
gas laser and an output of the laser was lowered, so
that a spherical polycrystalline aggregate was
prepared. |

This polycrystalline aggregate as a sample 1
was set on a copper nozzle 2 of the gas.jet levitation

device shown in Figure 2 and was then heated again by

PCT/JP2007/072989
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the carbon dioxide gas laser 4 in a floating state
creéted by using Ar gas. 3, thus being completely
melted. In that state, the output of the laser was cut
off to abruptly coolrthe sample, so that it was found
that the resultant sample became white and turbid,
thus being in a polycrystalline state.

Results of Examples 1 to 4 and Comparative

Examples 1 and 2 described above are shown in Table 1.

Table 1

Gt T om0 v
copme 1 v viced
s w e e
ot mn e
eaw o w veeme
e w @ v
P

-*1: Cation percent of Lu for Lup03

*2: Cation percent of Al for Al;0O3
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{INDUS‘TRIAL APPLICABILiTY]

The glass composition for ultraviolet light
according to the present invention is capable of
suppressing an adverse influence.due to intrinsic

5 birefringence (IBR), so that the glass composition can
be utilized as not only a lens fof visible light but
also a lens for ultraviolet light.

While the invention has beén described with
reference to the structures discloéed hérein, it is

10 not confined to the.details‘set forth and this
application is intended to cover such modifications or
changes as may come within the purpose of the

improvements or the scope of the following claims.

15
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CLAIMS

1. A glass composition for ultraviolet light,
comprising:

Lu, Al, and O in an amount of 99.99 weight

o

[

or more in total,

wherein said glass composition contains Lu in
an amount of 24

N

$ Or more and_33 %
-percent and Al in

°

or less in cation
an amount of 67 2

9

2 or more and 76 %

o

(53

10 or less in cation percent.

2. An optical device comprising:

a light source for generating ultraviolet
light; and

15

an optical system for irradiating an object

with the ultraviolet light from said 1light source,

wherein said optical system includes an

optical member comprising a base material and/or an
optical thin film, and
20

wherein the base material and/or the optical
thin film comprises a glass composition for
ultraviolet light, comprising:

Lu, Al, and O in an amount of 99.99 weight

3

]

or more in total,
25

wherein said glass composition contains Lu in
an amount of 24 %

o

% or more and 33 %

]

or less in cation
percent and Al in an amount of 67

Q

o

3 or more and 76 %

o

(%4
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or less in cation percent.

3. An optical device comprising:

a light source for generating ultraviolet
5 light; and

an optical system for irradiating an object
with the ultraviolet light from said light source,

wherein said optical system includes a first

optical member and a second optical member having a

10 refractive index larger than that of the first optical
' member, and |
wherein the second optical member comprises a
base material comprising a glass composition for
ultraviolet light, comprising:
15 |

(o)

2

©

Lu, Al, and O in an amount of 99.99 weight
or more in total,

wherein said glass composition contains Lu in
an amount of 24 % or more and 33 %

or less in cation
percent and Al in

1>3

an amount of 67 % or more and 76

o
&
20 or less in cation percent.
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