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(57) ABSTRACT 

A tWo-Wavelength antire?ection ?lm to prevent light in 
tWo-Wavelength regions of a deep-ultraviolet region and a 
region from a visible region to the near-infrared region on a 
surface of a substrate by coating the tWo-Wavelength anti 
re?ection ?lm on the surface of the substrate Which pen 
etrates light from the deep-ultraviolet region to the near 
infrared region, comprising a ?rst thin ?lm Which is formed 
on the substrate, and has a refractive index of 1.6 to 2.0 and 
optical ?lm thickness of 0.47» to 0.77» for design main 
Wavelength (7»), a second thin ?lm Which is formed on the 
?rst thin ?lm, and has a refractive index of 1.35 to 1.55 and 
an optical ?lm thickness of 0.057» to 0.67» for the design main 
Wavelength 7», a third thin ?lm Which is formed on the 

(21) Appl' NO‘: 10/424’264 second thin ?lm, and has a refractive index of 1.6 to 2.0 and 

22 F1 (12 A I 28 2003 an optical ?lm thickness of 0.17» to 0.57» for the design main 
( ) 1 6 pr ’ Wavelength 7», and a fourth thin ?lm Which is formed on the 

Publication (jassi?cation third thin ?lm, and has a refractive index of 1.35 to 1.55 and 
an optical ?lm thickness of 0.27» to 0.357» for the design main 

(51) Int. Cl.7 ......................... .. G02B 21/02; G02B 15/14 Wavelength 7». 
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TWO-WAVELENGTH ANTIREFLECTION FILM 
AND OBJECTIVE LENS COATED WITH 

TWO-WAVELENGTH ANTIREFLECTION FILM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a tWo-Wavelength 
antire?ection ?lm Which prevents re?ection for tWo-Wave 
length regions of a deep-ultraviolet region and a region from 
a visible region to a near-infrared region, and relates to an 
objective lens for optical device With a high numerical 
aperture and a high magni?cation, on Which the tWo-Wave 
length antire?ection ?lm is coated. 

[0003] 2. Description of the Related Art 

[0004] Recently, the magnetic head used for the semicon 
ductor such as CPU and the hard disk drive etc. is remark 
ably doWnsiZed, and extremely high resolving poWer is 
required, to accurately detect the defect of the product etc. 
in the inspection apparatus used for these inspections. 

[0005] An optical microscope using a visible ray is used 
for the above-mentioned inspection apparatus in general. In 
this case, a resolution of the optical microscope is deter 
mined by 0.617» (Wavelength/NA) Therefore, it is necessary 
to enlarge an NA of the objective lens or to shorten the 
Wavelength of the ray in order to obtain an enough resolu 
tion. 

[0006] HoWever, recently, enlarging NA of object lens is 
near limitation. Therefore, to obtain further resolving poWer, 
a microscope Which shortens Wavelength, i.e., a DUV 
microscope Which makes resolving poWer tWice or more by 
using a deep-ultraviolet region (Deep UV), has been put to 
practical use. 

[0007] By the Way, the DUV microscope uses the laser 
and/or a general-purpose arc lamp such as the mercury 
lamps, as a light source. The laser outputs light With high 
intensity ray at a speci?c Wavelength, but apparatus thereof 
becomes large and eXpensive. On the other hand, the gen 
eral-purpose arc lamp outputs light With loW intensity at a 
speci?c Wavelength, but apparatus thereof can be doWnsiZed 
and becomes cheap. 

[0008] Then, it is noted that the general-purpose arc lamp 
emits light in Wideband. The general-purpose arc lamp, that 
an optical amount is secured by Widening the Wavelength 
region, is considered to be used as a light source. HoWever, 
When such a general-purpose arc lamp is used as the light 
source, it is necessary to compensate the chromatic aberra 
tion. Therefore, the single lens having the medium With 
different refractive indeX, for eXample, a lens Which can 
compensate the chromatic aberration by bonding, for 
instance, ?uorite glass and quartZ glass With the bonding 
agent has been put to practical use as the DUV objective lens 
used for the DUV microscope. 

[0009] HoWever, irradiation of light in the DUV region 
degrades the bonding agent to reduce the transmittance of 
the objective lens in the lens in Which ?uorite glass and 
quartZ glass are bonded. 

[0010] Therefore, recently, as disclosed in, for eXample, 
Japanese Patent Application KOKAI Publication No. 
11-167067 and Japanese Patent Application KOKAI Publi 
cation No. 2001-318317, the objective lens With no bonding 
to correct the chromatic aberration using a single lens of the 
medium With a different refractive indeX (?uorite glass and 
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quartZ glass), and to prevent the reduce in transmittance 
caused by the degradation of the adhesive by not bonding 
betWeen these single lenses is developed. 

[0011] By the Way, the objective lens of no bonding as 
mentioned above is used to observe the sample image by the 
light of the deep-ultraviolet region Wavelength (for instance, 
248 nm). In addition, the objective lens of no bonding might 
be used to correspond also to the automatic focusing by 
using the light of Wavelength from the visible region to the 
near-infrared region (for instance, 650 to 1000 nm), so 
called auto focus function (hereafter, 

[0012] In this case, the objective lens should have high 
transmittance simultaneously With the light of the deep 
ultraviolet region Wavelength and for the light of Wavelength 
from the visible region to the near-infrared region. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The tWo-Wavelength antire?ection ?lm to prevent 
light in tWo-Wavelength regions of a deep-ultraviolet region 
and a region from a visible region to the near-infrared region 
on a surface of a substrate by coating the tWo-Wavelength 
antire?ection ?lm on the surface of the substrate Which 
penetrates light from the deep-ultraviolet region to the 
near-infrared region according to one aspect of the present 
invention is characteriZed by comprising: a ?rst thin ?lm 
Which is formed on the substrate, and has a refractive indeX 
of 1.6 to 2.0 and optical ?lm thickness of 0.47» to 0.77» for 
design main Wavelength (7»); a second thin ?lm Which is 
formed on the ?rst thin ?lm, and has a refractive indeX of 
1.35 to 1.55 and an optical ?lm thickness of 0.057» to 0.67» 
for the design main Wavelength 7»; a third thin ?lm Which is 
formed on the second thin ?lm, and has a refractive indeX of 
1.6 to 2.0 and an optical ?lm thickness of 0.17» to 0.57» for 
the design main Wavelength 7»; and a fourth thin ?lm Which 
is formed on the third thin ?lm, and has a refractive indeX 
of 1.35 to 1.55 and an optical ?lm thickness of 0.27» to 0.357» 
for the design main Wavelength 7». 

[0014] The objective lens used for an optical equipment, 
Which performs an observation by the light of the deep 
ultraviolet region Wavelength of 300 nm or less and has a 
focusing mechanism (auto focus) in the Wavelength region 
from a visible region to a near-infrared region according to 
one aspect of the present invention is characteriZed by 
comprising a plurality of single lenses, Wherein each of the 
plurality of single lenses has a tWo-Wavelength antire?ection 
?lm according to claim 1 on the surface thereof. 

[0015] Advantages of the invention Will be set forth in the 
description Which folloWs, and in part Will be obvious from 
the description, or may be learned by practice of the inven 
tion. Advantages of the invention may be realiZed and 
obtained by means of the instrumentalities and combinations 
particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0016] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to eXplain the principles of 
the invention. 

[0017] FIG. 1 is a ?gure shoWing a schematic con?gura 
tion of the tWo-Wavelength antire?ection ?lm according to 
the ?rst embodiment of the present invention; 
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[0018] FIG. 2 is a ?gure showing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the ?rst embodiment of the present invention; 

[0019] FIG. 3 is a ?gure showing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the second embodiment of the present invention; 

[0020] FIG. 4 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the third embodiment of the present invention; 

[0021] FIG. 5 is a ?gure shoWing change of 246 nm 
re?ectance according to the incident angle in the ?rst to third 
embodiments of the present invention; 

[0022] FIG. 6 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the fourth embodiment of the present invention; 

[0023] FIG. 7 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the ?fth embodiment of the present invention; 

[0024] FIG. 8 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the siXth embodiment of the present invention; 

[0025] FIG. 9 is a ?gure shoWing change of 248 nm 
re?ectance according to the incident angle in the fourth to 
seventh embodiments of the present invention; 

[0026] FIG. 10 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the seventh embodiment of the present invention; 

[0027] FIG. 11 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the eighth embodiment of the present invention; 

[0028] FIG. 12 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the ninth embodiment of the present invention; 

[0029] FIG. 13 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the tenth embodiment of the present invention; 

[0030] FIG. 14 is a ?gure shoWing change of 248 nm 
re?ectance according to the incident angle in the eighth to 
tWelfth embodiments of the present invention; 

[0031] FIG. 15 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the eleventh embodiment of the present invention; 
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[0032] FIG. 16 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm accord 
ing to the tWelfth embodiment of the present invention; 

[0033] FIG. 17 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm in the 
?rst comparison eXample to eXplain the present invention; 

[0034] FIG. 18 is a ?gure shoWing spectral re?ectance 
characteristic of tWo-Wavelength antire?ection ?lm in the 
second comparison eXample to explain the present inven 
tion; 
[0035] FIG. 19 is a ?gure shoWing a schematic con?gu 
ration of the objective lens used for the thirteenth embodi 
ment of the present invention; 

[0036] FIG. 20 is a ?gure to explain the angle of the 
incident (or output) light into (or from) the normal of the 
lens of the thirteenth embodiment of the present invention; 

[0037] FIG. 21 is a ?gure to eXplain an eXample of 
comparing transmittance of the thirteenth embodiment of the 
present invention; 
[0038] FIG. 22 is a ?gure shoWing a schematic con?gu 
ration of the objective lens used for the fourteenth embodi 
ment of the present invention; and 

[0039] FIG. 23 is a ?gure to eXplain an eXample of 
comparing transmittance of the fourteenth embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Hereinafter, embodiments of the present invention 
Will be eXplained referring to the draWings. 

[0041] (First Embodiment) 
[0042] FIG. 1 shoWs a schematic con?guration of the 
tWo-Wavelength antire?ection ?lm to Which the ?rst 
embodiment of the present invention is applied. In FIG. 1, 
quartz glass, Which is transparent from the deep-ultraviolet 
region to the near-infrared region, is used as a substrate 
material for the substrate 1. Thin ?lms 2, 3, 4, and 5 are 
formed on the substrate 1 as tWo-Wavelength antire?ection 
?lm to form a four-layer structure. 

[0043] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 is shoWn in (A) of Table 1. Table 1 
collectively shoWs the ?lm material and the ?lm thickness 
corresponding to the ?rst to third embodiments to as described later 

TABLE 1 

A B C 

Substrate 1 

Quartz glass Quartz glass Quartz glass 
Design wavelength 7» 

248 nm 248 nm 248 nm 

Film Film Film 

thickness thickness thickness 

material (x70) Film material (x70) Film material (x70) 

Thin ?lm 2 A1203 0.51 A1203 + 1.3203 0.46 A1203 + 1.3203 0.46 

(Substance M2) (Substance M3) 
MgF2 0.46 MgF2 0.47 MgF2 0.50 
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TABLE 1-continued 
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A B 
Substrate 1 

Quartz glass Quartz glass Quartz glass 
Design wavelength 7» 

248 nm 248 nm 248 nm 

Film Film Film 
Film thickness thickness thickness 
material (XL) Film material (XL) Film material (xh) 

Thin ?lm 4 A1203 0.16 A1203 + La2O3 0.26 A1203 + La2O3 0.16 
(Substance M2) (Substance M3) 

Thin ?lm 5 MgF2 0.30 MgF2 0.25 MgF2 0.30 

[0044] In (A) of Table 1, the ?lm materials of thin ?lms 2, mixture of A1203 and La2O3 With the middle refractive index 
3, 4, and 5, each of Which forms each layer, are as follows. 
AlzO3 Whose refractive index in design main Wavelength 
(248 nm in the deep-ultraviolet region) is the middle refrac 
tive index of about 1.7 is used to thin ?lm 2 of the ?rst layer 
and thin ?lm 4 of the third layer from the substrate 1. MgF2 
Whose refractive index in design main Wavelength (248 nm 
in the deep-ultraviolet region) is the loW refractive index of 
about 1.4 is used to thin ?lm 3 in the second layer and thin 
?lm 5 in the fourth layer from the substrate 1. Each ?lm 
thickness of these thin ?lms 2, 3, 4, and 5 is shoWn in (A) 
of Table 1. 

[0045] FIG. 2 shoWs each spectral re?ectance character 
istic for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (A) of Table 1, 
When changing the incident angle of the light to 0°, 30°, 50°, 
and 65°, respectively. By changing the incident angle of the 
light, the curve (a) of FIG. 5 is obtained as a result of 
simulating the numerical value hoW the re?ectance of the 
light of design main Wavelength (248 nm) is changed. 
[0046] As is clear from FIG. 2, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
two-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (a) of FIG. 5. Therefore, by forming the tWo-Wave 
length antire?ection ?lm con?gured With thin ?lms 2, 3, 4, 
and 5 according to the ?rst embodiment on the substrate 1 
of quartz glass Which is transparent from the deep-ultraviolet 
region to the near-infrared region, high transmittance can be 
achieved for light in the deep-ultraviolet region in the 
vicinity of design main Wavelength (248 nm) and light from 
the visible region to the near-infrared region in the vicinity 
of the range of 650 nm to 800 nm, Which are used for auto 
focus. 

[0047] (Second Embodiment) 
[0048] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the second embodi 
ment is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. 

[0049] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of two-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (B) of Table 1. 

[0050] In this case, the ?lm materials of thin ?lms 2, 3, 4, 
and 5, each of Which forms each layer, are as folloWs The 

material is used to thin ?lm 2 of the ?rst layer and thin ?lm 
4 of the third layer from the substrate 1. Speci?cally, 
Substance M2 made by the Merck, Which is the mixture of 
A1203 and La2O3 Whose refractive index is about 1.8 in 
design main Wavelength (248 nm in the deep-ultraviolet 
region) is used. MgF2 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is the 
loW refractive index of about 1.4 is used to thin ?lm 3 in the 
second layer and thin ?lm 5 in the fourth layer from the 
substrate 1 similar to the ?rst embodiment. Each ?lm 
thickness of these thin ?lms 2, 3, 4, and 5 is shoWn in (B) 
of Table 1. 

[0051] FIG. 3 shoWs each spectral re?ectance character 
istic for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (B) of Table 1, 
When changing the incident angle of the light to 0°, 30°, 50°, 
and 65°, respectively. By changing the incident angle of the 
light, the curve (b) of FIG. 5 is obtained as a result of 
simulating the numerical value hoW the re?ectance of the 
light of design main Wavelength (248 nm) is changed. 

[0052] As is clear from FIG. 3, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo- two-Wavelength region in the vicinity of 248 nm and 
Within the range of 650 nm to 800 nm. It is also clear that 
the re?ection of design main Wavelength (248 nm) is small 
in the range of 0° to 70° in incident angle of light as shoWn 
in curve (b) of FIG. 5. 

[0053] Therefore, high transmittance can be achieved for 
light in the deep-ultraviolet region in the vicinity of design 
main Wavelength (248 nm) and light from the visible region 
to the near-infrared region in the vicinity of the range of 650 
nm to 800 nm, Which are used for auto focus similar to that 
described in the ?rst embodiment. 

[0054] (Third Embodiment) 
[0055] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the third embodiment 
is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. 

[0056] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of two-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (C) of Table 1. 

[0057] In this case, the ?lm materials of thin ?lms 2, 3, 4, 
and 5, each of Which forms each layer, are as folloWs. The 
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mixture of A1203 and La2O3 With the middle refractive index 
material, Whose mixture ratio of A1203 and La2O3 and 
refractive index are different from those in the second 
embodiment, is used to thin ?lm 2 of the ?rst layer and thin 
?lm 4 of the third layer from the substrate 1. Speci?cally, 
Substance M3 made by the Merck, Which as the mixture of 
A1203 and La2O3 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is about 
1.95, is used. MgF2 Whose refractive index in design main 
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is transparent from the deep-ultraviolet region to the near 
infrared region, is used as a substrate material for the 
substrate 1. 

[0063] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (A) of Table 2. Table 
2 collectively shoWs the ?lm material and the ?lm thickness 

corresponding to the fourth to ?fth embodiments to as described later. 

TABLE 2 

A B C 
Substrate 1 

Fluorite glass Fluorite glass Fluorite glass 
Design wavelength A 

248 nm 248 nm 248 nm 

Film Film Film 
Film thickness thickness thickness 
material (x71) Film material (x71) Film material (x71) 

Thin ?lm 2 A1203 0.47 A1203 + La2O3 0.48 A1203 + La2O3 0.49 
(Substance M2) (Substance M3) 

MgF2 0.41 MgF2 0.44 MgF2 0.49 
A1203 0.20 A1203 + La2O3 0.27 A1203 + La2O3 0.11 

(Substance M2) (Substance M3) 
MgF2 0.27 MgF2 0.25 MgF2 0.31 

Wavelength (248 nm in the deep-ultraviolet region) is the 
loW refractive index of about 1.4 is used to thin ?lm 3 in the 
second layer and thin ?lm 5 in the fourth layer from the 
substrate 1 similar to the ?rsts embodiment. Each ?lm 
thickness of these thin ?lms 2, 3, 4, and 5 is shoWn in (C) 
of Table 1. 

[0058] FIG. 4 shoWs each spectral re?ectance character 
istic for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (C) of Table 1, 
When changing the incident angle of the light to 0°, 30°, 50°, 
and 65°, respectively. By changing the incident angle of the 
light, the curve (c) of FIG. 5 is obtained as a result of 
simulating the numerical value hoW the re?ectance of the 
light of design main Wavelength (248 nm) is changed. 

[0059] As is clear from FIG. 4, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo- tWo-Wavelength region in the vicinity of 248 nm and 
Within the range of 650 nm to 800 nm. It is also clear that 
the re?ection of design main Wavelength (248 nm) is small 
in the range of 0° to 70° in incident angle of light as shoWn 
in curve (c) of FIG. 5. 

[0060] Therefore, high transmittance can be achieved for 
light in the deep-ultraviolet region in the vicinity of design 
main Wavelength (248 nm) and light from the visible region 
to the near-infrared region in the vicinity of the range of 650 
nm to 800 nm, Which are used for auto focus similar to that 
described in the ?rst embodiment. 

[0061] (Fourth Embodiment) 
[0062] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the fourth embodi 
ment is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. In this case, ?uorite glass, Which 

[0064] In (A) of Table 2, the ?lm materials of thin ?lms 2, 
3, 4, and 5, each of Which forms each layer, are similar to the 
?rst embodiment. A1203 Whose refractive index in design 
main Wavelength (248 nm in the deep-ultraviolet region) is 
the middle refractive index of about 1.7 is used to thin ?lm 
2 of the ?rst layer and thin ?lm 4 of the third layer from the 
substrate 1. MgF2 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is the 
loW refractive index of about 1.4 is used to thin ?lm 3 in the 
second layer and thin ?lm 5 in the fourth layer from the 
substrate 1. Each ?lm thickness of these thin ?lms 2, 3, 4, 
and 5 is shoWn in (A) of Table 2. 

[0065] FIG. 6 shoWs spectral re?ectance characteristic for 
the tWo Wavelength antire?ection ?lm made for trial pur 
poses With the con?guration shoWn in (A) of Table 2, When 
the incident angle of light is assumed to be 0° (vertical). By 
changing the incident angle of the light, the curve (a) of 
FIG. 9 is obtained as a result of simulating the numerical 
value hoW the re?ectance of the light of design main 
Wavelength (248 nm) is changed. 

[0066] As is clear from FIG. 6, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (a) of FIG. 9. As a result, a similar advantage to the 
?rst embodiment can be expected. 

[0067] (Fifth Embodiment) 
[0068] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the ?fth embodiment 
is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. In this case, ?uorite glass, Which 
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is transparent from the deep-ultraviolet region to the near 
infrared region, is used as a substrate material for the 
substrate 1. 

[0069] The ?lm material and the ?lm thickness of each of 
thin ?lm 2, 3, 4, and 5 of tWo-Wavelength antire?ection ?lms 
con?gured as FIG. 1 is shoWn in (B) of Table 2. 

[0070] In this case, the ?lm materials of thin ?lms 2, 3, 4, 
and 5, each of Which forms each layer, are similar to the 
second embodiment. Substance M2 made by the Merck, 
Which is the mixture of A1203 and La2O3 Whose refractive 
index is about 1.8 in design main Wavelength (248 nm in the 
deep-ultraviolet region) is used to thin ?lm 2 of the ?rst layer 
and thin ?lm 4 of the third layer from the substrate 1. MgF2 
Whose refractive index in design main Wavelength (248 nm 
in the deep-ultraviolet region) is the loW refractive index of 
about 1.4 is used to thin ?lm 3 in the second layer and thin 
?lm 5 in the fourth layer from the substrate 1. Each ?lm 
thickness of these thin ?lms 2, 3, 4, and 5 is shoWn in (B) 
of Table 2. 

[0071] FIG. 7 shoWs spectral re?ectance characteristic for 
the tWo Wavelength antire?ection ?lm made for trial pur 
poses With the con?guration shoWn in (B) of Table 2, When 
the incident angle of light is assumed to be 0° (vertical). By 
changing the incident angle of the light, the curve (b) of 
FIG. 9 is obtained as a result of simulating the numerical 
value hoW the re?ectance of the light of design main 
Wavelength (248 nm) is changed. 

[0072] As is clear from FIG. 7, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (b) of FIG. 9. As a result, a similar advantage to the 
second embodiment can be expected. 

[0073] (Sixth Embodiment) 
[0074] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the sixth embodiment 
is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. In this case, ?uorite glass, Which 
is transparent from the deep-ultraviolet region to the near 
infrared region, is used as a substrate material for the 
substrate 1. 

[0075] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (C) of Table 2. 

[0076] In this case, the ?lm materials of thin ?lms 2, 3, 4, 
and 5, each of Which forms each layer, are similar to the 
second embodiment. Substance M3 made by the Merck, 
Which is the mixture of A1203 and La2O3 Whose refractive 
index in design main Wavelength (248 nm in the deep 
ultraviolet region) is about 1.95, is used is used to thin ?lm 
2 of the ?rst layer and thin ?lm 4 of the third layer from the 
substrate 1. MgF2 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is the 
loW refractive index of about 1.4 is used to thin ?lm 3 in the 
second layer and thin ?lm 5 in the fourth layer from the 
substrate 1. Each ?lm thickness of these thin ?lms 2, 3, 4, 
and 5 is shoWn in (C) of Table 2. 
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[0077] FIG. 8 shoWs spectral re?ectance characteristic for 
the tWo Wavelength antire?ection ?lm made for trial pur 
poses With the con?guration shoWn in (C) of Table 2, When 
the incident angle of light is assumed to be 0° (vertical). By 
changing the incident angle of the light, the curve (c) of 
FIG. 9 is obtained as a result of simulating the numerical 
value hoW the re?ectance of the light of design main 
Wavelength (248 nm) is changed. 
[0078] As is clear from FIG. 8, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (c) of FIG. 9. As a result, a similar advantage the third 
embodiment can be expected. 

[0079] (Seventh Embodiment) 
[0080] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the seventh embodi 
ment is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. 

[0081] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in Table 4. 

TABLE 3 

Substrate 1 Quartz glass 
Design 
wavelength 7» 248 nm 

Layer number Film 
(from substrate) Film material thickness (XL) 

Thin ?lrn 2 A1203 + L1203 0.52 
(Substance M2) 

Thin ?lm 3 MgF2 0.53 
Thin ?lrn 4 A1203 + L1203 0.29 

(Substance M2) 
Thin ?lm 5 MgF2 0.28 

[0082] In this case, the ?lm materials of thin ?lms 2, 3, 4, 
and 5, each of Which forms each layer, are similar to the 
second embodiment Substance M2 made by the Merck, 
Which is the mixture of A1203 and La2O3 Whose refractive 
index is about 1.8 in design main Wavelength (248 nm in the 
deep-ultraviolet region) is used to thin ?lm 2 of the ?rst layer 
and thin ?lm 4 of the third layer from the substrate 1. MgF2 
Whose refractive index in design main Wavelength (248 nm 
in the deep-ultraviolet region) is the loW refractive index of 
about 1.4 is used to thin ?lm 3 in the second layer and thin 
?lm 5 in the fourth layer from the substrate 1. Each ?lm 
thickness of these thin ?lms 2, 3, 4, and 5 is shoWn in Table 
3. 

[0083] FIG. 10 shoWs spectral re?ectance characteristic 
for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in Table 3, When the 
incident angle of light is assumed to be 0° (vertical). By 
changing the incident angle of the light, the curve (d) of 
FIG. 9 is obtained as a result of simulating the numerical 
value hoW the re?ectance of the light of design main 
Wavelength (248 nm) is changed. 
[0084] As is clear from FIG. 10, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
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tWo-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. Especially, it becomes 
possible to reduce re?ectance further Within the range from 
30° to 50° in incident angle of design main Wavelength (248 
nm) as shoWn in curve (d) of FIG. 9. Therefore, transmit 
tance can be further improved by using such tWo-Wave 
length antire?ection ?lm. 

[0085] (Eighth Embodiment) 
[0086] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the eighth embodi 
ment is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. In this case, quartZ glass, Which 
is transparent from the deep-ultraviolet region to the near 
infrared region, is used as a substrate material for the 
substrate 1. 

[0087] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (A) of Table 4. Table 
4 collectively shoWs the ?lm material and the ?lm thickness 
corresponding to the eighth to tenth embodiments to 
(C)) as described later. 
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tWo-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (a) of FIG. 14. Therefore, if tWo Wavelength antire 
?ection ?lm con?gured With thin ?lms 2, 3, 4, and 5 of the 
eighth embodiment is formed on the substrate 1 of quartZ 
glass Which is transparent from the deep-ultraviolet region to 
the near-infrared region, high transmittance can be achieved 
for light in the deep-ultraviolet region in the vicinity of 
design main Wavelength (248 nm) and light in the visible 
region used for auto focus Within the range of 550 nm to 650 
nm different from light from the visible region to the 
near-infrared region used for auto focus Within the range of 
650 nm to 800 nm described in the ?rst to seventh embodi 
ments. 

[0091] (Ninth Embodiment) 
[0092] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the ninth embodiment 
is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. 

TABLE 4 

A B 
Substrate 1 

Fluorite glass Fluorite glass Fluorite glass 
Design wavelength A 

248 nm 248 nm 248 nm 

Film Film Film 
Film thickness thickness thickness 
material (x70) Film material (x70) Film material (x70) 

Thin ?lm 2 A1203 0.60 A1203 + La2O3 0.67 A1203 + La2O3 0.59 
(Substance M2) (Substance M3) 

Thin ?lm 3 MgF2 0.12 MgF2 0.87 MgF2 0.98 
Thin ?lm 4 A1203 0.34 A1203 + La2O3 0.31 A1203 + La2O3 0.48 

(Substance M2) (Substance M3) 
Thin ?lm 5 MgF2 0.26 MgF2 0.30 MgF2 0.22 

[0088] In this case, the ?lm materials of thin ?lms 2, 3, 4, [0093] The ?lm material and the ?lm thickness of each of 
and 5, each of Which forms each layer, are similar to the ?rst 
embodiment. A1203 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is the 
middle refractive index of about 1.7 is used to thin ?lm 2 of 
the ?rst layer and thin ?lm 4 of the third layer from the 
substrate 1. MgF2 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is the 
loW refractive index of about 1.4 is used to thin ?lm 3 in the 
second layer and thin ?lm 5 in the fourth layer from the 
substrate 1. Each ?lm thickness of these thin ?lms 2, 3, 4, 
and 5 is shoWn in (A) of Table 4. 

[0089] FIG. 11 shoWs spectral re?ectance characteristic 
for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (A) of Table 4, 
When the incident angle of light is assumed to be 00 
(vertical). By changing the incident angle of the light, the 
curve (a) of FIG. 14 is obtained as a result of simulating the 
numerical value hoW the re?ectance of the light of design 
main Wavelength (248 nm) is changed. 
[0090] As is clear from FIG. 11, it becomes possible to 
perform antire?ection because re?ectance becomes small in 

thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (B) of Table 4. 

[0094] In this case, the ?lm materials of thin ?lms 2, 3, 4, 
and 5, each of Which forms each layer, are as folloWs. The 
mixture of A1203 and La2O3 With the middle refractive index 
material is used to thin ?lm 2 of the ?rst layer and thin ?lm 
4 of the third layer from the substrate 1. Speci?cally, 
Substance M2 made by the Merck, Which is the mixture of 
A1203 and La2C3 Whose refractive index is about 1.8 in 
design main Wavelength (248 nm in the deep-ultraviolet 
region) is used. MgF2 Whose refractive index in design main 
Wavelength (248 nm in the deep-ultraviolet region) is the 
loW refractive index of about 1.4 is used to thin ?lm 3 in the 
second layer and thin ?lm 5 in the fourth layer from the 
substrate 1 similar to the ?rst embodiment. Each ?lm 
thickness of these thin ?lms 2, 3, 4, and 5 is shoWn in (2) of 
Table 4. 

[0095] FIG. 12 shoWs spectral re?ectance characteristic 
for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (B) of Table 4, 
When the incident angle of light is assumed to be 0° 
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(vertical). By changing the incident angle of the light, the 
curve (b) of FIG. 14 is obtained as a result of simulating the 
numerical value hoW the re?ectance of the light of design 
main Wavelength (248 nm) is changed. 

[0096] As is clear from FIG. 12, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo-Wavelength region Within the range of the vicinity of 
248 nm and 550 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (b) of FIG. 14. Therefore, high transmittance can be 
achieved for light in the visible region similarly used for 
auto focus Within the range of light in the deep-ultraviolet 
region in the vicinity of design main Wavelength (248 nm) 
and 550 nm to 650 nm When having described in the eighth 
embodiment. 

[0097] (Tenth Embodiment) 
[0098] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the tenth embodiment 
is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. 

[0099] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (C) of Table 4. 

[0100] The ?lm materials of thin ?lms 2, 3, 4, and 5, each 
of Which forms each layer, are as folloWs. Substance M3 
made by the Merck, Which is the mixture of Al2O3 and 
LaZO3 Whose refractive index in design main Wavelength 
(248 nm in the deep-ultraviolet region) is about 1.95, is used 
is used to thin ?lm 2 of the ?rst layer and thin ?lm 4 of the 
third layer from the substrate 1. MgF2 Whose refractive 
index in design main Wavelength (248 nm in the deep 
ultraviolet region) is the loW refractive index of about 1.4 is 
used to thin ?lm 3 in the second layer and thin ?lm 5 in the 
fourth layer from the substrate 1. Each ?lm thickness of 
these thin ?lls 2, 3, 4, and 5 is shoWn in (C) of Table 4. 

[0101] FIG. 13 shoWs spectral re?ectance characteristic 
for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (C) of Table 4, 
When the incident angle of light is assumed to be 0° 
(vertical). By changing the incident angle of the light, the 
curve (c) of FIG. 14 is obtained as a result of simulating the 
numerical value hoW the re?ectance of the light of design 
main Wavelength (248 nm) is changed. 

[0102] As is clear from FIG. 13, it becomes possible to 
perform antire?ection because re?ectance becomes small in 
tWo-Wavelength region in the vicinity of 248 nm and Within 
the range of 650 nm to 800 nm. It is also clear that the 
re?ection of design main Wavelength (248 nm) is small in 
the range of 0° to 70° in incident angle of light as shoWn in 
curve (c) of FIG. 14. Therefore, high transmittance can be 
achieved for light from the visible region used for auto focus 
in the vicinity of the range of light in the deep-ultraviolet 
region in the vicinity of design main Wavelength (248 nm) 
and 550 nm to 650 nm to the near-infrared region similar to 
that described in the eighth embodiment. 

[0103] In the above-mentioned ?rst to tenth embodiment, 
MgF2 as the loW refraction material and A1203 or the 
mixture of A1203 and La2O3 as the middle refractive index 
material is used. It is not limited to this, even When material 

Nov. 4, 2004 

having similar refractive index to these materials such as a 
plurality of components selected from group of MgF2, SiO2, 
NaF, LiF, and mixture thereof or compound thereof as the 
loW refractive index material and material one or more 

components selected from group of A1203, LaF3, NdF3, YF3, 
La2O3, and mixture thereof or compound thereof as the 
middle refractive index material is used, and advantages of 
above mentioned embodiments can be expected. 

[0104] (Eleventh Embodiment) 
[0105] The schematic con?guration of the tWo-Wave 
length antire?ection ?lm according to the eleventh embodi 
ment is similar to that in FIG. 1, and the explanation Will be 
described by using FIG. 1. 

[0106] The ?lm material and the ?lm thickness of each of 
thin ?lms 2, 3, 4, and 5 of tWo-Wavelength antire?ection 
?lms con?gured as FIG. 1 is shoWn in (A) of Table 5. Table 
5 collectively shoWs the ?lm material and the ?lm thickness 
corresponding to the fourth and ?fth embodiments and 
(B)) as described later. 

TABLE 5 

B C 
Substrate 1 

Quartz glass Quartz glass 
Design wavelength 7» 

248 nm 248 nm 

Film Film 
thickness thickness 

Film material (x70) Film material (x70) 

Thin ?lm 2 A1203 + La2O3 0.64 A1203 + La2O3 0.50 
(Substance M2) (Substance M2) 

Thin ?lm 3 sio2 0.11 sio2 0.19 
Thin ?lm 4 A1203 + La2O3 0.37 A1203 + La2O3 0.32 

(Substance M2) (Substance M2) 
Thin ?lm 5 MgF2 0.28 sio2 0.28 

[0107] The ?lm materials of thin ?lms 2, 3, 4, and 5, each 
of Which forms each layer, are as folloWs. Substance M2 
made by the Merck, Which is the mixture of A1203 and 
LaZO3 Whose refractive index is about 1.8 in design main 
Wavelength (248 nm in the deep-ultraviolet region) is used 
to thin ?lm 2 of the ?rst layer and thin ?lm 4 of the third 
layer from the substrate 1. SiO2 Whose refractive index in 
design main Wavelength (248 nm in the deep-ultraviolet 
region) is the loW refractive index of about 1.5, is used to 
thin ?lm 3 in the second layer from the substrate 1. MgF2 
Whose refractive index in design main Wavelength (248 nm 
in the deep-ultraviolet region) is the loW refractive index of 
about 1.4 is used to thin ?lm 5 in the fourth layer front the 
substrate 1. Each ?lm thickness of these thin ?lms 2, 3, 4, 
and 5 is shoWn in (A) of Table 5. 

[0108] FIG. 15 shoWs spectral re?ectance characteristic 
for the tWo Wavelength antire?ection ?lm made for trial 
purposes With the con?guration shoWn in (A) of Table 5, 
When the incident angle of light is assumed to be 0° 
(vertical). By changing the incident angle of the light, the 
curve (d) of FIG. 14 is obtained as a result of simulating the 
numerical value hoW the re?ectance of the light of design 
main Wavelength (248 nm) is changed. 
[0109] As is clear from FIG. 15, it becomes possible to 
perform antire?ection because re?ectance becomes small in 






























