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SPECIFICATION 

OPTICAL APPARATUS AND EXPOSURE APPARATUS 

INCORPORATING THE APPARATUS 

TECHNICAL .FIELD 

The present invention relates to an optical apparatus 

that retains an optical element. l:Urther, the present 

10 invention relates to an exposure apparatus that employs an 

optical apparatus in an optical system, which illuminates a 

mask with an exposure light and uses the exposu4e light to 

transfer a pattern of the mask on a substrate, 

15 BACKGROUND ART 

20 

In a conventional exposure apparatus, in which an 

exposure light from a light source, such as an ArF excimer 

laser, is employed, the exposure of the exposure light to 

the oxygen in the air causes absorption of the exposure 1 
light by th~ oxygen in the air and forms ozone. This is 

because the illumination spectral line of the exposure light 

~s included in the absorption spectral line ranqe of the 

oxygen. The formation of ozone may deposit a clouding 

25 substance on the surface of an optical lens and affect the 

characteristic of the lens in an undesirable manner. 

Accordingly, the space encompassing the optical path between 

the light source and the substrate is partially or 

completely covered by a cover. The interior of the cover is 

30 charged with a gas that is inert to the exposure light, such 

as nitrogen gas. 

However, deterioration in the hermetic seal of the 

cover may cause ambient air, which includes impurities, to 
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enter the cover through the deteriorated portion and deposit 

the above clouding substance on the optical lens surface. 

It is an object of the present invention to improve the 

5 optical apparatus having a cover covering the space 

encompassing the optical path and enhance the functions for 

protecting the optical lens. It is also an object of the 

present invention to provide an exposure apparatus that 

enhances the functions for protecting the optical lens. 

10 

DISCLOSORE OF THE INVENTION 

An optical apparatus according to the present invention 

includes at least one optical element arranged along an 

15 optical path of an irradiation light, the optical apparatus 

comprising a first hermetic chamber defined along the 

optical path separating the optical path from ambient air 

and charged with a predetermined gas, and a second hermetic 

chamber located in the first hermetic chamber separating the 

20 optical path from the gas in the first hermetic chamber and 

retaining the optical elements. Accordingly, the hermetic 

seal about the optical path is improved and the function for 

protecting optical elements is enhanced. 

25 

30 

In an apparatus of the preferred embodiment, the second 

hermetic chamber includes a section located between two of 

the optical elements. Accordingly, optical elements forming 

optical systems are used effectively to form t~. second 

hermetic chamber in a facilitated and ensured manner. 

The gas in the first hermetic chamber is a gas that is 

more pure than the ambient air, and the second hermetic 

chamber is charged with a gas that is inert gas to the 

irradiation light. In this case, even if the hermetic seal 
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between the first hermetic chamber and the second hermetic 

chamber deteriorates and results in ~he pure gas of the 

first hermetic chamber flowing into the second hermetic 

chamber, the optical elements are only exposed to the pure 

5 gas. Thus, optical elements are not contaminated. Further, 

there is no possibility of the formation of ozone caused by 

the reaction between the gas in the second hermetic chamber 

and the irradiation light. 

10 Additionally, the qas in the first hermetic chamber is 

a gas that is inert to the irradiation light, and the second 

hermetic chamber is charged with a gas that is inert gas to 

the irradiation light. In this case, even if the hermetic 

seal between the first hermetic chamber and the second 

15 hermetic chamber deteriorates and results in the gas of the 

first hermetic chamber flowinq into the second hermetic 

chamber, the second hermetic chamber is always charged with 

the inert gas. Accordingly, the formation of ozone is 

suppressed and the function for protecting optical elements 

20 is further en,hanced. 

In an apparatus of the preferred embodiment, a sensor 

for measuring the concentration of a gas in the second 

hermetic chamber is provided. Accordingly, even if the 

25 hermetic seal between the first hermetic chamber and the 

second hermetic chamber deteriorates and results in the gas 

of the first hermetic chamber £lowing into the second 

hermetic chamber, an abnormality of the second~~ermetic 

chamber is detected based on a signal from the sensor. 

30 Thus, maintenance is facilitated. 

An apparatus of the preferred embodiment includes a 

partition for defining the first hermetic chamber and the 

second hermetic chamber, and the partition includes a switch 
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opening. An actuating mechanism increases and decreases an 

opened amount of the switch opening, -and at least one 

optical member is arranged in the first hermetic chamber or 

the second hermetic chamber through the switch opening. A 

5 controller sets a first switch mode in which movement of the 

optical member between the first hermetic chamber and the 

second hermetic chamber is permitted by increasing the 

opening amount of the switch opening with the actuating 

mechanism, and a second switch mode in which movement of the 

10 optical member between the first hermetic chamber and the 

second hermetic chamber is prevented by decreasing the 

opened amount of the switch opening with the actuating 

mechanism. In this case, the movement of the opticaJ. member 

is facilitated and the hermetic seal of the space about the 

15 optical path is maintained. 

Furthermore, it is preferred that a revolver, which 

supports the optical member and is rotatable about an axis, 

and a drive apparatus, which drives the revolver, be 

20 prpvided. In this case, the controller controls the drive 

apparatus to rotate the revolver, and the rotation of the 

revolver moves the optical member between the first hermetic 

chamber and the second hermetic chamber. 

25 In a preferred embodiment, the above optical apparatus 

may be incorporated in an exposure apparatus. The exposure 

apparatus includes an ·optical system for irradiating a mask 

with exposure light and transferrin9 a pattern·.Q.f" the mask 

on a substrate with the exposure light that has passed 

30 through the mask. 

Further, the optical apparatus preferably includes at 

least one of a plurality of first optical element groups for 

irradiatin9 the mask with the exposure light and a plurality 



of second optical element groups for guiding the exposure 

light that has passed through the pa~t~rn of the mask to the 

substrate. The second hermetic chamber includes at least 

one of an illumination lens barrel for encompassing and 

5 retaining the first optical element groups and a projection 

lens barrel for encompassing and retaining the first optical 

element groups. 

10 

BRlEF DESCRIP~ION OF THE DRAWINGS 

Fig. 1 is a schematic plan view showing an exposure 

apparatus according to the present invention. 

Fig. 2 is a schematic cross-sectional view showing an 

15 optical apparatus according to a first embodiment. 

20 

Fig. 3 is a schematic cross-sectional view showing an 

optical apparatus according to a second embodiment. 

Fig. 4 1.s a schematic cross-sectional view showing an 

optical appatatus according to a third embodiment in a state 
in which switching of an optical member is completed. 

Fig. 5 is a schematic cross-sectional view showing the 

25 optical apparatus according to the third embodiment in a 

state in which switching of an optical member is permitted. 

30 

Fig. 6 is a schematic front cross-secti~na+ view 

showing the entire structure of an exposure apparatus. 

BEST MODE FOR ChRRYING OUT THE INVENTION 

An exposure apparatus according to a first embodiment 

of the present invention will now be discussed with 

35 reference to Figs. 1 and 2. An exposure apparatus 1 shown 
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in Fig. 1 is provided with a light source 2. The light 

source 2 is formed by an excimer laser, an H9 lamp, or the 

like, and emits ultraviolet rays or far ultraviolet rays 

into an illumination optical system 3. 

Although not shown in the drawings, the illumination 

optical system 3 includes a collimator lens, a fly eye lens, 

and a reticle blind or dichroic mirror, and uses the 

ultraviolet rays or far ultraviolet rays emitted from the 

10 light source 2 as a uniform exposure light (irradiation 

light). The exposure light illuminates a mask Mon a mask 

stage 4. 

The mask M is held on the mask stage 4, which is 

15 movable along a two dimensional XY plane, by means of vacuum 

suction. A mask exchanging mechanism 5 holds a plurality of 

the masks M having different patterns and exchanges the 

masks with the mask M on the mask stage 4. A mask alignment 

optical system 6 detects alignment marks formed on the masks 

20 Mand outputs the detection results to a controller 7. 

A photosensitive substrate W is held on a 

photosensitive stage 9 by means of vacuum suction. When 

illuminated by the exposure light, the pattern formed on the 

25 mask M is transferred to the photosensitive substrate w by a 

projection optical system 8. The photosensitive substrate 

stage 9 is movable in the XYZ6 directions. The position of 

the photosensitive substrate stage 9 is measured'·f>y a laser 

interferometer 10, and the measurement result is output to 

30 the controllQr 7. 

An off-axis substrate alignment optical system 11 is 

arranged at the periphery of the projection optical system 

8. The substrate alignment optical system 11 detects an 
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alignment mark formed on the photosensitive substrate W and 

outputs the detection result to the pontroller 7. 

The controller 7 controls the entire exposure apparatus 

5 1 including the drive system of the mask stage 4 and the 

drive system of the photosensitive substrate stage 9 based 

on the input signals from the mask alignment optical system 

6, the laser int~rferometer 10, and the substrate alignment 

optical system 11. 

10 
As described above, the exposure apparatus 1 includes 

an optical path that extends from the light source 2 to the 

photosensitive substrate W via the illumination optical 

system 3 and the projection optical system 8. The optical 

15 apparatus of the present invention is located partially or 

entirely about ~he.optical path extending through at least 

one of the illumination optical system 3 and the projection 

optical system 8. 

20 An opticp.l apparatus P shown in Fig. 2 is arranged in 

the projectibn optical system a. The optical apparatus P 

includes an inner cover 12, or partition, which covers the 

space about an optical path R, and an outer cover 13, which 

encloses the inner cover 12. Accordingly, the optical 

25 apparatus P has a two-part cover structure. 

The outer cover 13 defines a first hermetic chamber 14, 

which is separated from the surrounding gase~, G~ ambient 

air. A plurality of lens systems 15 are arranged in series 

30 along the optical path R in th~ inner cover 12. Each of the 

lens systems 15 includes projection lens barrels 16 and a 

plurality of lenses 17 (optical elements) arranged in series 

along the optical path R in the projection lens barrels 16. 

The peripheral portion of each of the lenses 17 is held by 
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the projection lens barrel 16, that is, by a holding portion 

16a located in the inner portion of a· holding member. 

The inner cover 12 is formed by the projection lens 

5 barrels 16 and coupling tubes 18, which connect the 

projection lens barrels 16. The interior space of the inner 

cover 12 includes inner sections 19a, which are located 

between adjacent lens 17 in the projection lens barrels 16, 

and intermediate sections 19b, which are located between the 

10 lens 17 of one projection lens barrel 16 and the lens 17 

held by another, adjacent projection lens barrel. The 

sections 19a, 19b are connected to one another by a passage 

20 extending through the projection lens barrel 16 and form 

a second hermetic chamber 19 within the inner cover 12. 

15 

The second hermetic chamber 19 is located inside the 

first hermetic chamber 14, which is at the inner side of the 

outer cover 13, and is separated from the first hermetic 

chamber 14. The exposure light passes through each of the 

20 sections 19a, 19b and each of the lenses 17. 

A first gas supply passage 21 is connected to the inner 

cover 12 to supply optical path gas to the path of the 

exposure light. In this embodiment, the first gas supply 

25 passage 21 is connected to a predetermined one of the 

coupling tubes 18. The first gas supply passage 21 is 

provided with optical path gas from a gas supply portion 22. 

Gas that is inert to the exposure light, such as nitrogen 

gas, is used as the optical path gas.· The optical path gas 

30 is supplied from the first gas supply passage 21 to the 

intermediate section 19b in the coupling tube 18 and then 

passes through the passa9e 20 in each of the projection lens 

barrels 16 reaching the inner section 19a of each of the 

projection lens barrels 16 and the inner sections 19b of the 
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other coupling tubes 18. 

The space between the inner cover 12 and the outer 

cover 13, that is, the first hermetic chamber 14, is charged 

5 with a shielding gas to separate the optical path from the 

ambient air. Although the shielding gas may differ from or 

be the same as the optical path 9as j,n the second hermetic 

chamber 19, it is preferred that the gas be purified and be 

purged of substances that cause contamination of the optical 

10 member. For example, it is preferred that nitrogen gas or 

dry air be used as the shielding gas. It is preferred that 

if nitrogen gas is used as the optical path gas, nitrogen 

gas be used as the shielding path gas. 

15 A second gas supply passage 23 for supplying the 

shielding gas to the first hermetic chamber 14 is connected 

to the outer cover 13. The second gas supply passage 23 is 

supplied with shielding gas from a gas supply portion 24. 

Xhe shielding gas is supplied from the second gas supply 

20 passage 23 t~ the first hermetic chamber 14 between the 

inner cover 12 and the outer cover 13. A filter 25·is 

arranged in the second gas supply passage 23 at the outlet 

leading into the first hermetic chamber 14 to eliminate 

impurities from the shielding gas. The impurities include, 

25 for example, ammonia, sulphate ions, nitrate ions, amines, 

siloxanes, and silicon compounds. The employment of the 

filter 25 further purifies the gas (e.g., dry air} supplied 

to the first hermetic chamber 14. In the same manner, a 

filter (not shown} is arranged in the first gas supply 

30 passage 21 at the outlet leading into the second hermetic 

chamber 19 to eliminate impurities from the optical path 

gas. This further enhances the function of protecting the 

optical elements. 
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The pressure of the second hermetic chamber 19 is set 

higher than the pressure of the firs~ hermetic chamber 14, 

which is located at the outer side the second hermetic 

chamber 19. When dry air is used as the shielding gas, it 

5 is pref erred that the dew point of the dry air be -50°C or 

lower and normally be about -10°C and that the pressure be 

7kg/cm2G or lower. 

In the second hermetic chamber 19, a pressure sensor 

10 is attached to the coupling tube 18 having the first gas 

supply passage _21. The pressure sensor 26 detects the gas 

pressure of the second hermetic chambar 19 and outputs the 

detection result to the controller 7 shown in Fig. 1. A 

26 

pressure sensor 27 is attached to the outer cover 13 in the 

15 first hermetic chamber 14 near the outlet of the second gas 

supply passage 23. The pressure sensor 27 detects the gas 

pressure of the first hermetic chamber 14 and outputs the 

detection result to the controller 7 shown in Fig. 1. 

20 The controller 7 compares the gas pressures computed 

from the detection signals of the pressure sensors 26, 27 

and controls the gas supply portion 22 of the first gas 

supply passage 21 and the gas supply portion 24 of the 

second 9as supply passage 23 so that the pressure of the 

25 second hermetic chamber 19 is higher than that of the first 

hermetic chamber 14. 

A sensor 28a is attached to the coupling tt!be 18 in the 

second hermetic chamber 19 to measure the oxygen 

30 concentration in the second hermetic chamber 19. ~he sensor 

2Ba detects the oxygen concentration of the second hermetic 

chamber 19 and outputs the detection result to the 

controller 7 shown in Fig. 1. The controller 7 activates a 

buzzer 2Bb (notifying means} when the oxygen concentration 
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computed from the detection signal of the sensor 28a becomes 

greater than or equal to a certain value. Although the 

oxygen concentration of the hermetic chamber 19 is measured 
by the oxygen concentration sensor 28a, other sensors may be 

5 used as long as the concentration of the gas in the second 

hermetic chamber 19 can be detected. 

10 

The first embodiment has the advantages described 

below. 

(1) The first hermetic chamber 14 and the second 

hermetic chamber 19 form a two-part structure in the space 

about the optical path R. Thus, even when the optical path 

gas in the second hermetic chamber 19 enters the first 

15 hermetic chamber 14 due to deterioration of the second 

hermetic chamber 19, the first hermetic chamber 14 

eliminates the possibility of ambient air entering the 

second hermetic chamber 19 and prevents the formation of 

ozone. Further, the hermetic seal of the closed space about 

20 the optical p~th R is improved. Accordingly, protection of 

the projection optical system 8 is guaranteed. 

Additionally, the pressure of the second hermetic 

chamber 19 is greater than that of the first hermetic 

25 chamber 14. This makes it difficult for the gas in the 

first hermetic chamber 19 to enter the second hermetic 

chamber 19. Accordingly, the hermetic seal of the closed 

space about the optical path R is improved, -a-nq ~rotection 
of the optical systems 3, 8 is further guaranteed. 

30 

(2) The second hermetic chamber 19 includes the section 

between the optical elements (e.q., the lenses 17), which 

form the projection optical system 8. Accordingly, the 

required optical elements of the projection optical system 8 
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are used effectively thereby simplifying the structure of 

the second hermetic chamber 19 and f~rther improving the 

hermetic seal of the closed space about the optical path R 

of the exposure light, which passes through the optical 

5 elements. Accordingly, the function for protecting the 

projection optical system 8 is further improved. 

(3) The first hermetic chamber 14 is charged with 

purified gas (dry gas) from which substances that cause 

10 contamination are eliminated. Thus, even when the hermetic 

seal between the first hermetic chamber 14 and the second 

hermetic chamber 19 deteriorates and causes the purified gas 

of the first hermetic chamber 14 to enter the second 

hermetic chamber 19, the optical elements are only exposed 

15 to the purified gas and contamination of the optical 

elements is prevented. Accordingly, the function for 

protecting the projection optical system B is further 

improved. 

20 (4) The second hermetic chamber 19 is charged with 

optical path qas that is inert to the exposure light, such 

as nitrogen gas. Thus, the exposure light is not exposed to 

the oxygen in the air and the formation of ozone is 

prevented. Aeco~dingly, the function for protecting the 

25 projection optical system a is further improved. 

(5) In addition to the second hermetic chamber 19, the 

first hermetic chamber 14 may also be charged-.~i~h optical 

path gas that is inert to the exposure light, such as 

30 nitrogen gas. In this case, even when the hermetic seal 

between the first hermetic chamber 14 and Lhe second 

hermetic chamber 19 deteriorates and causes the qas of the 

first hermetic chamber 14 to enter the second hermetic 

chamber 19, the second hermetic chamber 19 is always charged 
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with inert gas and the formation of ozone is prevented. 

Accordingly, the function for protecting the projection 

optical system 8 is further improved. 

(6) The sensor 28a for measuring the oxygen 

concentration is provided in the second hermetic chamber 19. 

Thus, when the hermetic seal between the first hermetic 

chamber 14 and the second hermetic chamber 19 deteriorates 

and causes the dry air of the first hermetic chamber 14 to 

10 enter the second hermetic chamber 19, such state is 

indicated when the signal from tha oxygen concentration 

sensor 28a activates the buzzer 28b. Accordingly, an 

abnormality in the second hermetic chamber 19 is detected 

thus facilitating maintenance and improving the function for 

15 protecting the projection optical system 8. 

20 

(7) The advantages (1) to {6} are obtained by the 

projection optical system B of the exposure apparatus 1. 

In the fjrst embodiment, the projection optical system 

8 of the e~posure apparatus 1 has a two-part structure. In 

addition to the projection optical system 8, this structure 

may also be applied when optical elements such as lenses are 

arranged between the light source 2 and the photosensitive 

25 substrate w. For example, the two-part structure may also 

be applied to a lens barrel of the illumination optical 

system 3, or the like, which guides the light emitted from 

the light source 2 to the mask. The structure ~~ the 

illumination optical system 3 will be described in detail 

30 when discussing a third embodiment. 

A second embodiment according to the present invention 

will now be described with reference to Figs. l and 3. The 

apparatus of the second embodiment differs from the 
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apparatus of the first embodiment in the points discussed 

below. Members of the first embodiment that are identical 

to those in the second embodiment are denoted with a 

reference numeral that is the same as the first embodiment 

5 and will not be described. 

In the projection lens barrel 16 of each lens system 

15, the passage 20 is separated from the sections l9b of the 

coupling tubes 18 adjacent to the projection lens bar4el 16. 

10 Accordingly, the sections 19a between the lenses 17 in each 

of the projection lens barrels 16 are separated from the 

section 19b in each of the coupling tubes 18. The sections 

19a, 19b each form hermetic chamber 19. The hermetic 

c~arnber 19 of each projection lens barrel 16 and the second 

15 hermetic chamber 19 of each coupling tube 18 are each 
provided with the first gas supply passage 21, the ga~ 
supply portion 22, the pressure sensor 26, and the o~ygen 

concentration sensor 28a. 

20 In addit~on to advantages (1) to (7) of the first 
embodiment, the apparatus of the second embodiment has the 
advantage described below. 

An independent hermetic chamber 19 is formed in each of 

25 the projection lQns barrels 16 and each of the coupling 
tubes 18, and each of the hermetic chambers is provided with 
optical path gas. Thus, when performing maintenance in a 

certain hermetic chamber of the projection lens barrels 16 

and the coupling tubes 18, the maintenance of the certain 
30 hermetic chamber may be performed while maintaining the 

hermetic state of the other hermetic chambers. Accordingly, 
the function for protecting the projection optical system 8 

is further improved. 
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A third embodiment according to the present invention 

will now be described with reference to Figs. 1, 4, and 5. 

In each of th~ above embodiments, among the illumination 

optical system 3 and the projection optical system 8 of the 

5 exposure apparatus 1, the projection optical system a is 

provided with the optical apparatus Pa In the optical 

apparatus P, as described above, the projection lens barrel 

16 encompassing and holding the plurality of groups of the 

lenses 17, which transcribes the pattern of the mask M onto 

10 the photosensitive substrate W, f~rms part of the second 

hermetic chambers 19. In comparison, in the third 

embodiment, the optical apparatus P is provided in the 

illumination optical system 3. Members of the first 

embodiment that are identical to those in the third 

15 embodiment are denoted with a reference numeral that is the 

same as the first embodiment and will not be described. 

Amonq the plurality of the lens systems 15, the 

coupling tube 18 between a predetermined pair of the lens 

20 systems 15 is formed by a pair of spaced movable shielding 

cylinders lSa, 18b. The movable shielding cylinders lBa, 

lBb are fitted to the periphery of an illumination lens 

barrel 16 of the lens systems 15 movably along the optical 

path R and are faced toward each other between the lens 

25 systems 15, A guide (not shown) for moving the movable 

shielding cylinders 16a~ 19b along the optical path T is 

arranged between the movable shielding cylinders 18a, lBb 

and the illumination lens barrel 16. The guiMe. ts formed 

by, for example, a static pressure bearing guide and a 

30 linear motor, or the like, that provides fluid or gas 

between tha shielding cylinders 18a, 18b and the 

illumination lens barrel 16. 

The movable shielding cylinders 18a, 18b are each 
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connected to a drive apparatus 30 in the first hermetic 

chamber 14 between the inner cover 12 and the outer cover 

13. The drive apparatuses 30 move the movable shielding 

cylinders lBa, 18b toward and away from each other along the 

5 optical path R. The movement of the movable shielding 

cylinders 18a, 18b toward and away from each other forms a 

switch opening 29, which can be opened and closed, in the 

inner cover 12. The shielding cylinders lSa, 18b form an 

activating mechanism for opening and closing the switch 

10 opening 29. 

An optical device 31 includes a circular revolver 33, 

which is rotatablysupported by a drive apparatus 32 in the 

first hermetic chamber 14 of the outer cover 13, and plural 

15 types of optical members 34a, which are arranged on the 

peripheral portion of the revolver 33 along its rotational 

path. Cylindrical members 34b, which are fitted into the 

movable shielding cylinders l8a, 18b, are arranged along the 

peripheral portion of the optical member 34a. 

20 

The optical device 31 retains a plurality of fly eye 

lens groups, or the optical members 34a. The lens groups 

have, for e~ample, different eccentric states relative to 

the optical axis of the optical path in accordance with the 

25 difference in the cyclic characteristic of the patterns of 

the mask M. EUrther, to change the illumination condition, 

the optical device 31 may be pro~ided with a plurality of 

diaphragms having openings of different shapes. tn this 

case, the optical member 34a has diaphragms. 

30 

The optical device 31 extends from the first hermetic 

chamber 14 in the outer cover 13 through the switch opening 

29 and into the second hermetic chamber 19. When the 

movable shielding cylinders 18a, lBb are separated from each 
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other and the opened amount of the switch opening is 

maximum, the drive apparatus 32 rotates the r~volver 33. 

This sequentially positions the optical members 34a in the 

second hermetic chamber 19 at the inner side of the inner 

5 cover 12 between the lens systems 15. 

A first gas supply passage 21 is connected to each of 

the illumination lens barrels 16 in the inner cover 12. 

Optical path gas is provided to each of the first gas supply 

10 passages 21 from a gas supply portion 22. The optical path 

gas flows from the rirst gas supply passages 21 through the 

passages 20 in the illumination lens barrels 16 and is 

provided to each of the sections 19a. The optical path gas 

further flows through the passages 20 in the illumination 

15 lens barrels 16 and is provided to the sections 19b in the 

movable shielding cylinders 10a, lBb (coupling tube 18) . 

20 

The sections 19b in the movable shielding cylinders 18a, 18b 

are separated from the space in the other coupling tubes 18 

by the lens systems 15. 

In the state shown in Fig. 4 in which switching has 

been completed, the drive apparatus 30 moves the movable 

shielding cylinders 18a, 18b toward each other and narrows 

the opened amount therebetween. The movable shielding 

25 cylinders 18a, lBb are fitted to the cylindrical member 34b 

in the second hermetic chamber 19 between adjacent lens 

systems 15. This disconnects the seoond hermetic chamber 19 

from the first hermetic chamber 14 in the co~eY. i3. 

30 As shown in Fig. 1, a manipulation portion 35 is 

connected to the controller?. The manipulation portion 35 

sends a switch signal to the controller 7 for selecting one 

of the optical members 34a among the plural types of the 

optical members 34a. Based on the switch signal from the 
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manipulation portion 35, the controller 7 controls the drive 

apparatus 30 and separates the movable shielding cylinders 

18a, 18h from each other. In the separated state, as shown 

in Fig. 5, the movable shielding cylinders 18a, 18b are 

5 separated from the cylindrical member 34b of the optical 

member 34a between the lens systems 15. This opens the 

switch opening 29, connects the second hermetic chamber 19 

to the first hermetic chamber 14, and permits the optical 

members 34a to be switched. The state in which switching is 

10 allowed is referred to as a first switch mode. 

Then, in the first switch mode, the controller 7 

controls the drive apparatus 32 based on the switch signal 

from the manipulation portion 35 and rotates the revolver 

15 33. As the revolver 33 rotates, the revolver 33 is stopped 

when the optical member 34a corresponding to the switch 

signal is positioned in the second hermetic chamber 19 

between the lens systems 15. The controller 7 then controls 

the drive apparatus 30 and moves the movable shielding 

20 cylinders 18~, 18b toward each other and returns to a switch 

completion state, which is shown in Fig. 4. This state is 

referred to as a second switch mode. Further, after 

completion of the switching, the controller 7 drives the gas 

supply portion 22 and provides optical path gas from the 

25 first gas supply passage 21 to the hermetic chamber 19. 

30 

In the third embodiment, a pressure sensor 26 ano an 

o&ygen concentration sensor 28a are arranged in each 

illumination lens barrel 16. 

In addition to advantages (1) to (7) of the first 

embodiment, the third embodiment has the advantages 

discussed below. 
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The shifting of the movable shielding cylinders lBa, 

18b facilitates the switching of the.optical members 34a in 

the optical device 31, maintains the hermetic seal of the 

closed space about the optical path R, and improves the 

5 function for protecting the illumination optical system 3. 

Further, this advantage is obtained with the illumination 

optical system 3 of the exposure apparatus 1. 

In the present embodiment, the deterioration of the 

10 inner cover 12 is checked based on changes in the oxygen 

concentration of the second hermetic chamber 19. However, 

the deterioration of the inner cover 12 may also be checked 

based on changes in the relationship between the pressure 

sensors 26 and the gas supply portions 22. That is, 

15 deterioration of the inner cover 12 decreases the gas 

pressure of the second hermetic chamber 19. Thus, the 

controller 7 increases the amount of gas supplied by the gas 

supply portion 22 so that the detection value of the gas 

pressure obtained by the pressure sensor 26 is constant. 

20 Accordingly, Aeterioration of the inner cover 12 may be 

detected based on changes in the amount of gas supplied from 

the gas supply portion 22. 

Deterioration of the inner cover 12 may also be checked 

25 by monitoring the detection value of the gas pressure 

obtained by the pressure sensor 27, which is arranged in the 

first hermetic chamber 14. That is, when the inner cover 12 

deteriorates, the gas in the second hermetic ·c~er 19 

enters the first hermetic chamber 14 and increases the gas 

30 pressure of the first hermetic chamber 14. When the gas 

pressure of the first hermetic chamber 14 increases, the 

controller 1 decreases the amount of gas supplied by the gas 

supply portion 24 so that the detection value of the gas 

pressure obtained by the pressure sensor 27 is constant. 
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Accordingly, deterioration of the inner cover 12 may be 

detected based on changes in the'amount of gas supplied from 

the gas supply portion 24. 

5 In this manner, the hermetic seal of the hermetic 

10 

chamber 19 (whether or not there is deterioration) in the 

inner cover 12 is checked by monitoring the pressure values 

of the pressure sensors 26, 27 and the gas supply amount 

supplied from the gas supply portion 22, 24. 

The entire structure of an exposure apparatus 

incorporating the optical systems of the first to third 

embodiments will now be discussed with reference to Fig. 6. 

15 The exposure apparatus shown in Fig. 6 has the same 

structure as the a~ove described exposure apparatus 1. The 

apparatus includes a light source 2, an illumination optical 

system 3 for illmninating the mask M, a light transmitting 

system 52 for guiding the light emitted from the light 

20 source 2 to tpe lens, and a projection optical system B for 

projecting tne pattern of a mask M to a photosensitive 

substrate W arranged on a photosensitive substrate stage 9. 

The light transmitting syst~m 52 is also referred to as a 

BMO (Beam Matching Unit) and matches the optical axis of the 

25 illumination light emitted from the light source 2 with the 

optical axis of the illumination optical system 3. In the 

structure of the illumination optical system 3, the drawing 

shows only the lens 17, a revolver 33 having-~~ optical 

member 34a, and a reflection mirror 54, and does not show 

30 other lenses. 

In the exposure apparatus 1, the illumination optical 

system 3, the projection optical system 8, the mask M, the 

stage 9, and part of the BMU 52 are accommodated in a 
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chamber 55. An oxygen concentration sensor 58 is arranged 

in the chamber 55 to detect the oxyg~n concentration in the 

chamber 55. The portion connecting the BMU 52 to the 

chamber 55 is sealed by a seal to prevent the entrance of 

5 air. The oxygen concentration sensor 58 dGtects whether or 

not the inert gas, such as nitrogen, provided to the 

illumination optical system 3 or the projection optical 

system e is leaking out of the systems into the chamber 55. 

When the oxygen concentration in the chamber 55, which is 

10 based on the detection result of the oxygen concentration 

sensor 58, is lower than a regulating value, a warning is 

provided and the supply of inert gas to the first hermetic 

chamber 14 or the second hermetic chamber 19 is impeded to 

stop the emission of the exposure light from the light 

15 source 2. In this state, if a laser source is used as the 

light source 2, laser emission is stopped. 

The illumination optical system 3 has an inner cover 

121 which covers the space about the optical path R, and an 

20 outer cover ~3, which covers the space about the inner cover 

12. The outer cover 13 defines a first hermetic chamber 14, 

which is separated from the atmosphere of the chamber 55, 

and the inner cover 12 defines a second hermetic chamber 19, 

which is separated from the atmosphere in the outer cover 

25 13. In the inner cover 12, since the structure of the 

section denoted by reference numeral 59 is similar to the 

third embodiment and the structures of the other sections 

are similar to those of the first or second embQt;iiments, 

these sections will not be discussed in detail. 

30 

In the same manner as the illumination optical system 

3, the projection optical system 8 also has an inner cover 

12, which covers the space about the optical path R, and an 

outer cover 13, which covers the space about the inner cover 
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12. The outer cover 13 defines a first hermetic chamber 14, 

which is separated from the atmosphere i.n the chamber 55, 

and the inner cover 12 defines a second hermetic chamber 19, 

which is separated from the atmosphere in the outer cover 

5 13. In the inner cover 12, since the structure of the 

section denoted by reference numeral 57 is similar to that 

of the first or second embodiments, this section will not be 
discussed in detail. 

10 In the illumination optical system 3 having such a two­

part structure, if a KrF excimer laser is used as a light 

source of the exposure light, a 9as supply controller 56 

supplies the first hermetic chamber 14 and the second 

hermetic chamber 19 with clean air from which impurities are 

15 eliminated by a chemical filter. The first hermetic chamber 

14 is purged with the clean air. Clean air is sealed in or 

flows through the second hermQtic chamber 19. When an ArF 

excimar laser is used as tha exposure light, the gas supply 

controller 56 supplies the first hermetic chamber 14 with 

20 clean air in ~he same manner and supplies the second 

hermetic chamber 19 with nitrogen gas. In this case, 

nitrogen gas is sealed in or flows through the second 

hermetic chamber 19. 

25 Similarly, in the projection optical system 8, a gas 

supply controller 50 supplies the first hermetic chamber 14 

and the second hermetic chamber 19 with clean air or 

nitrogen gas from which impurities are elirn~na~ by a 

chemical filter. The gas supply controller 50 has the same 

30 structure as the gas supply controller 56 and supplies the 

first hermetic chamber 14 and the second hermetic chambe~ 19 

in the projection optical system 8 with clean air or 

nitrogen gas in accordance with the wavelength of the laser. 

The gas supply controllers 50, 56 each have a clean air 
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supply apparatus, which supplies the first hermetic chamber 

14 or the s~cond hermetic chamber 19-with clean air, and a 

nitrogen gas supply apparatus, which supplies the second 

hermetic chamber 19 with nitrogen gas. 

The illumination optical system 3 includes the revolver 

33 and the drive apparatus 32 for driving the revolver 33, 

which are discussed in the description of the third 

embodiment. The revolver 33 is arranged in the second 

10 hermetic chamber 19, and the drive apparatus 32 is arranged 

in the first hermetic chamber 14. The drive apparatus 32 

normally has a motor. Thus, the dust produced by the 

movement of the movable portion of the motor or the gas 

produced from the plastic covers of the motor wiring cords 
15 may contaminate the surface of the lenses due to 

photochemical reaction with the laser. To prevent such 

state, it is preferred that the drive apparatus 32 be 

accommodated in the first hermetic chamber 14. 

20 The proj~ction optical system B incorporates a control 

unit 51 for controlling the pressure of the gas between at 

least a pair of the lenses adjacent to each other in the 

optical axis direction among the lenses forming the 

projection optical system B. The control unit 51 controls 

25 the pressure of the gas to decrease changes in the imaging 

characteristic of the projection optical system 8 caused by 

thermal changes resulting from absorption of exposure energy 

or changes in the atmospheric pressure and ambi-e,nt 

temperature. In this structure, as described. above1 clean 

30 air or nitrogen gas may be used as the gas between the pair 

of lenses in accordance with the wavelength of the laser. 

It is preferred that th~ impurities included in such gas be 

eliminated by a chemical filter. 
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Like the illumination optical system 3 or the 

projection optical system B, the interior of the BMU 52 may 

have a two-part structure. Further, instead of the two-part 

structure, a plurality of rectifying plates 53 extending 

5 parallel to the optical axis may be arranged in the BMO 52 

so that the rectifying plates adjust the flow of gas, such 

as clean air or nitrogen qas. 

In the present embodiment, an illumination light in the 

10 ultraviolet wavelength band, such as an ArF e~cimer laser 

beam (wavelength 193nm), a KrF excimer laser beam 

(wavelength 248nm), and an F2 excimer laser source 

(wavelength 157nm), and an EUVL (Extreme Ultraviolet 

Lithography) having a shorter wavelength, such as soft X-

15 ray, may be used as the light source of the exposure 

apparatus l. A clouded state of the optical elements may be 

detected in an exposure apparatus using i ray (wavelength 

365nm) and g ray (wavelength 436nm) illumination lights as a 
light beam. 

·20 

Further, in addition to nitrogen gas, the gas that is 

charged into the first hermetic chamber 14 or the second 

hermetic chamt>er 19 and is inert to light may be, for 

example, helium, neon, argon, krypton, xenon, and radon. It 

25 is preferred that chemically clean dry air (air purged from 

substances that cloud the lenses, such as ammonium ion, or 

the like, and float in a clean room or air having a humidity 

of 5% or less) be used. The gas charged into-. -t:::b,~· first 

hermetic chamber 14 and the gas charged into the second 

30 hermetic chamber 19 may be produced by combining various 

types of gases. 

The present invention may also be applied to a scanning 

type exposure apparatus, which synchronously moves a mask 
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and a substrate to expose the pattern of the mask {USP 

5,473,410), and a step and repeat type exposure apparatus, 

which exposes the pattern of the mask with the mask and the 
substrate in a static state and sequentially moves the 

5 substrate. The type of exposure apparatus is not limited to 

exposure apparatuses for fabricating semiconductors and may 

be applied widely to, for example, a liquid crystal exposure 
apparatus for exposing a liquid crystal display element 
pattern on a polygonal glass plate and an exposure apparatus 

10 for fabricating thin film magnetic heads. 

The optical apparatus according to the present 

invention may be applied to only one of the multiple optical 
elements that form the projection optical system or the 

15 illumination optical system. 

In the projection optical system, all of the optical 
elements are not limited to dioptric lenses. The projection 

optical system may be an optical system formed by reflection 

20 elements (m.ir_,rors) or may be a catadioptric system formed by 
I 

dioptric lenses and reflection elements. Accordingly, the 

optical apparatus of the present invention may be applied to 
a reflection element. Further, the projection optical 
system is not limited to a reducing magnification system and 

25 may be an equal magnification system or an enlarging 
magnification system. 

In the projection optical system, when fa~ ~nfrared 

rays such as when an excimer laser is used, a glass material 
30 such as quartz or fluorite may be used to transmit the far 

infrared rays. 

As described above, the exposure apparatus of th~ 
present embodiment may be manufactured by assembling each 

25 



type of sub-system, including each element of the claims cf 

the present application, so as to rna~ntain a predetermined 

mechanical accuracy, electrical accuracy, and optical 

accuracy. To guarantee each type of accuracy, each optical 

5 system is adjusted to achieve the optical accuracy, each 

mechanical system is adjusted to achieve the mechanical 

accuracy, and each electrical system is adjusted to achieve 

the electric accuracy before and after assembly. The 

process during which the sub-systems are assembled to build 

10 the exposure apparatus includes mechanical connection 

between the sub-systems, wire connections of electric 

circuits, and pipe connections of pressure circuits. Of 

course, each sub-system is assembled before the entire 

exposure apparatus is assembled. After the exposure 

15 apparatus is assembled from the sub-systems, entire 

adjustment is performed so that various types of accuracies 
I 

are guaranteed in the entire exposure apparatus. It is 

preferred that the manufacture of the exposure apparatus be 

performed in a clean room, in which temperature and 

20 cleanness ar~ controlled. 
I 

A semiconductor device is !abricated by undergoing the 

steps of designing the function and capability of the 

device, producing a reticle based on the d~signing step, 

25 producing a wafer from a silicon material, exposing a 
pattern of the reticle on the wafer with the exposure 

apparatus, assembling the device (dicing, bonding, and 

packaging}, and inspecting the device. Accordi~ly, the 

present invention is not restricted to the above embodiments 

30 and may also be applied to a· structure in which the 

embodiments are combined as required. 

The optical apparatus P of each of the above 

embodiments has a two-part structure formed by the inner 
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cover 12, which covers the space about the optical path R, 

and the outer cover 13, which covers.the inner. cover 12. 

Instead of this structure, further covers may cover the 

outer cover 13 to form a structure having three parts or 

5 more. 

The illumination optical system 3 may be provided wj.th 

two types of oxygen concentration sensors. In this case, 

one of the sensors is arran9ed in the first hermetic chamber 

10 14 of the illumination optical system 3, while the other 

sensor is arranged outside the illumination optical system 

3. By arranging the sensors in this manner, one of the 

sensors detects the oxygen concentration of the first 

hermetic chamber 14, while the other sensor detects whether 

15 or not inert gas is leaking from the first hermetic chamber 

14. With regard to the projection optical system 8 1 in the 

same manner, one of the sensors may be arranged in the first 

hermetic chamber 14 of the projection optical system 8, 

while the other sensor is arranged outside the projection 

20 optical syste.m 8. This obtains the same results. 

With regard to the BMO 52, in the same manner, one of 

the sensors may be arranged in the BMU 52, while the other 

is arranged outside the BMU 52. This obtains the same 

25 results. 

When the output of the sensor arranged outside the 

illumination optical system 3, the ptojection op-tical system 

8, or the BMO 52 becomes lower than a regulating value, a 

30 warning may be given to inform the operator of such 

condition. In such case, the supply of inert gas, such as 

nitrogen, to the first hermetic chamber 14 or the second 

hermetic chamber 19 may be impeded. 
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CLAIMS: 

1. An optical apparatus including at least one 

optical element arranged along an optical path of an 

S irradiation light, the optical apparatus comprising: 

a first hermetic chamber defined along the optical path 

separating the optical path from ambient air and charged 

with a predetermined gas; and 

a second hermetic chamber located in the first hermetic 

10 chamber separating the optical path from the gas in the 

first hermetic chamber and retaining the optical elements. 

2. The optical apparatus according to claim 1, 

characterized in that the second hermetic chamber includes a 

15 section located between two of the optical elements. 

20 

3. The optical apparatus according to any one of 

claims 1 and 2, characterized in that the gas in the first 

hermetic chamber is a gas that is more pure than the ambient 

air, and the second hermetic chamber is charged with a gas 

that is inert to the irradiation light. 

4. The optical apparatus according to any one of 

claims 1 and 2, characterized in that the gas in the first 

25 hermetic chamber is a gas that is inert to the irradiation 

light, and the second hermetic chamber is charged with a gas 

that is inert to the irradiation light. 

5. The optical apparatus according to claim 3, 

30 further characterized by a sensor for measuring the 

concentration of a gas in the second hermetic chamber. 

6. The optical apparatus according to any one of 

claims 1 to 5, characterized by~ 
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a partition for defining the first hermetic chamber and 

the second hermetic chamber, wherein.the partition includes 

a switch opening; 

an actuating mechanism for increasing and decreasing an 

5 opened amount of the switch opening; 

at least one optical member arranged in the first 

hermetic chamber or the second hermetic chamber through the 

switch opening; and 

a controller for setting a first switch mode in which 

10 movement of the optical member oetween the first hermetic 

chamber and the second hermetic chamber is permitted by 

increasing the opening amount of the switch opening with the 

actuating mechanism, and a second switch mode in which 

movement of the optical member between the first hermetic 

15 chamber and the second hermetic chamber is prohibited by 

decreasing the opened amount of the switch opening with the 

actuating mechanism. 

7. The optical apparatus according to claim 6, 

20 comprising a revolver that supports the optical member and 

is rotatable.about an axis, and a drive apparatus for 

driving the revolver, wherein the controller controls the 

drive apparatus to rotate the revolver, rotation of the 

revolver moving the optical member between the first 

25 hermetie chamber and the second hermetic chamber. 

a. An exposure apparatus including an optical system 

for irradiating a mask ~ith exposure light and.~~ansferring 

a pattern of the mask on a substrate with the exposure light 

30 that has passed through the mask, wherein the optical system 

includes the optical apparatus according to any one of 
claims 1 to 7. 

9. The exposure apparatus according to claim 8, 
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characterized in that the optical apparatus includes at 

least one of a plurality of first optical element groups for 

irradiating the mask with the exposure light and a plurality 

of second optical element groups for guiding the exposure 

5 light that has passed through the pattern of the mask to the 

substrate; and 

the second hermetic chamber includes at least one of an 

illumination lens barrel for encompassing and retaining the 

first optical element groups and a projection lens barrel 

10 for encompassing and retaining the first optical element 

groups. 

10. An exposure apparatus for illuminating·a pattern 

formed on a mask with an exposure light from a light source 

15 to project an image of the pattern on a substrate, the 

exposure apparatus being characterized by: 

a first chamber disposed to encompass at least par~ of 

an optical path of the exposure light and charged with a 

first gas; and 

20 a secon~ chamber disposed to encompass the first 

chamber and charged with a second gas. 

11. The exposure apparatus according to claim 10, 

characterized in that the first gas is a gas that is inert 

25 to the exposure light, and the second gas is a gas that is 

more pure than ambient air. 

12. The exposure apparatus according to cl~rn 10, 

characterized in that the first gas and the second gas are 

30 gases that are inert to the exposure light. 

13. The exposure apparatus according to claim 10, 

characterizad in that the pressure in the first chamber is 

set higher than the pressure in the second chamber. 
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14. The exposure apparatus according to claim 10, 

characterized in that the pressure i~ the second chamber is 

set higher than the ambient air pressure. 

5 15. The exposure apparatus according to claim 10, 

wherein at least part of the optical path is arranged 

between the light source and the mask. 

16. The exposure apparatus according to claim 15, 

10 wherein an illumination optical system for illuminating the 

mask with the exposure light from the light source is 

disposed between the light source and the mask, and' the 

first chamber forms at least part of the illumination 

optical system. 

15 

20 

17. The exposure apparatus according to claim 10, 

wherein at least part of the optical path is located between 

the mask and the substrate. 

18. The exposure apparatus according to claim 15, 

characterized in that a projection optical system for 

projecting an image of the pattern to the substrate is 

disposed between the mask and the substrate, and the first 

chamber forms at least part of the projection optical 

25 system. 

19. A method for assembling an exposure apparatus that 

illuminates a pattern formed on a mask with ?P e~posure 

light from a light source, and projects an image of the 

30 pattern on a substrate, the method being characterized by: 

forming a first chamber in an optical path of the 

exposure light so as to encompass at least part of the 

optical path; 

supplying the first chamber with a first gas; 

31 



5 

10 

.·.·==-

HIMll\ \\\I\\ Ill\\ \\l\l ll 111\ 
* C L M S * 

forming a second chamber so as to encompass the first 

chamber; and 
supplying the second chamber. with a second gas to 

assemble the exposure apparatus. 

20. The.method according to claim 19, characterized by 

supplying an gas that is inert to the exposure light as the 

first gas, and supplying a gas more pure than ambient air as 

the second gas. 
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