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Fig. 3
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Fig. 6
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Fig. 8
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EXTREME ULTRAVIOLET LIGHT
GENERATING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a continuation applica-

tion of International Application No. PCT/JP2017/030851
filed on Aug. 29, 2017. The content of the application 1is
incorporated herein by reference 1in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an extreme ultra-
violet light generating apparatus.

2. Related Art

[0003] Inrecent years, along with microfabrication in the
semiconductor manufacturing process, fine transfer patterns
in photolithography of the semiconductor manufacturing
process have been developed rapidly. In the next generation,
microfabrication of 20 nm or smaller will be required.
Accordingly, it 1s expected to develop an exposure device in
which an extreme ultraviolet (EUV) light generating appa-
ratus that generates extreme ultraviolet (EUV) light having
a wavelength of about 13 nm and a retlection reduction
projection optical system are combined.

[0004] As EUYV light generating apparatuses, three types
of apparatuses are proposed, namely, a laser produced
plasma (LPP) type apparatus that uses plasma generated
when a target 1s irradiated with a laser beam, a discharge

produced plasma (DPP) type apparatus that uses plasma
generated by discharging, and a synchrotron radiation (SR)
type apparatus that uses orbital radiation light.
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[0007] Patent Document 3: International Patent Publica-
tion No. 2017/017834

[0008] Patent Document 4: International Patent Publica-
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[0009] Patent Document 5: International Patent Publica-
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SUMMARY

[0010] An extreme ultraviolet light generating apparatus
according to a first aspect of the present disclosure may
include a chamber, an optical element, and a measurement
device. In the chamber, a target material may be 1rradiated
with a laser beam, and extreme ultraviolet light may be
generated. The optical element may be disposed 1n the
chamber. The measurement device may be movable along a
surface of the optical element, and may be configured to
measure the film thickness of a target material adhering to
the surface of the optical element.

[0011] An extreme ultraviolet light generating apparatus
according to a second aspect of the present disclosure may
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include a chamber, a heat shield, and a measurement device.
In the chamber, a target material may be irradiated with a
laser beam, and extreme ultraviolet light may be generated.
The heat shield may be disposed in the chamber. The
measurement device may be movable along a surface of the

heat shield, and may be configured to measure the film
thickness of a target material adhering to the surface of the

heat shield.

[0012] An extreme ultraviolet light generating apparatus
according to a third aspect of the present disclosure may
include a chamber, an exhaust path, and a measurement
device. In the chamber, a target material may be 1rradiated
with a laser beam, and extreme ultraviolet light may be
generated. Through the exhaust path, exhaust from the
inside of the chamber may flow. The measurement device
may be movable along an inner surface of the exhaust path,
and may be configured to measure the film thickness of a
target material adhering to the iner surface of the exhaust
path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Some embodiments of the present disclosure will
be described below as just examples with reference to the
accompanying drawings.

[0014] FIG. 1 1s a diagram schematically illustrating a
configuration of an EUV light generating apparatus accord-
ing to a comparative example.

[0015] FIG. 2 1s a diagram schematically illustrating a
configuration of an EUV light generating apparatus accord-
ing to a first embodiment.

[0016] FIG. 3 1s a diagram 1illustrating a schematic side
face shape of a fluorescent X-ray unit used 1n the EUV light
generating apparatus 1illustrated 1in FIG. 2.

[0017] FIG. 4 1s a diagram 1llustrating an overall perspec-
tive shape of the fluorescent X-ray unit illustrated in FIG. 3.

[0018] FIG. 5 1s a diagram 1llustrating a schematic side
face shape of another fluorescent X-ray unit used 1n an EUV
light generating apparatus according to the present disclo-
sure.

[0019] FIG. 6 1s a flowchart illustrating a flow of a film

thickness measurement process 1n the EUV light generating
apparatus according to the first embodiment.

[0020] FIG. 7 1s a diagram schematically illustrating a
configuration of an EUV light generating apparatus accord-
ing to a second embodiment.

[0021] FIG. 8 1s a flowchart illustrating a flow of a film

thickness measurement process 1n the EUV light generating
apparatus according to the second embodiment.

[0022] FIG. 9 1s a diagram schematically illustrating a
configuration of an EUV light generating apparatus accord-
ing to a third embodiment.

[0023] FIG. 10 1s a diagram schematically illustrating a
configuration of an EUV light generating apparatus accord-
ing to a fourth embodiment.

[0024] FIG. 11 1s a diagram schematically illustrating a
configuration of an EUV light generating apparatus accord-
ing to a fifth embodiment.
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DESCRIPTION OF EMBODIMENTS

[0025] <Contents>

1. Terms

2. Problem

[0026] 2.1 Configuration of comparative example
2.2 Operation of comparative example

2.3 Problem

3. First Embodiment
3.1 Configuration

3.2 Operation

3.3 Effect

4. Second Embodiment
4.1 Configuration

4.2 Operation

4.3 Eftect

5. Third Embodiment
5.1 Configuration

5.2 Operation

5.3 Eftect
6. Fourth Embodiment
6.1 Configuration

6.2 Operation

6.3 Eftect

7. Fitth Embodiment
7.1 Configuration

7.2 Operation

7.3 Eftect

8. Others

[0027] Hereinatiter, embodiments of the present disclosure
will be described in detail with reference to the drawings.
The embodiments described below illustrate some examples
of the present disclosure, and do not limit the contents of the
present disclosure. All of the configurations and operations
described 1n the embodiments are not always indispensable
as the configurations and operations of the present disclo-
sure. It should be noted that the same constituent elements
are denoted by the same reference signs, and overlapping
description 1s omitted.
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1. Terms

[0028] “Fluorescent X-ray unit” represents a unit config-
ured to measure the thickness of a film to be measured by
fluorescent X-ray analysis. “Fluorescent X-ray analysis™ 1s a
method of analyzing a component element, film thickness,
and the like of a measurement target substance on the basis
of energy and intensity of a fluorescent X-ray generated
when the measurement target subject 1s 1rradiated with the
X-ray.

2. Problem

[0029] With referent to FIG. 1, an extreme ultraviolet light
generating apparatus 100 according to a comparative
example of the present disclosure will be described. In the
below description, extreme ultraviolet light 1s referred to as
EUV light, and an extreme ultraviolet light generating
apparatus 1s referred to as an EUV light generating appara-
tus. The EUV light generating apparatus 100 of the com-
parative example 1s used together with at least one laser
apparatus 200.

[0030] The EUV light generating apparatus 100 generates
plasma of a target material by radiating at least one pulse
laser beam 1, emitted from the laser apparatus 200, to a
droplet 2 made of the target material. The generated plasma
emits radiation light 3. The radiation light 3 includes light
having various wavelength, beside the EUV light 4. In this

way, the EUV light generating apparatus 100 can generate
the EUV light 4.

2.1 Configuration of Comparative Example

[0031] FIG. 1 1s a diagram schematically illustrating a
configuration of the EUV light generating apparatus 100
according to a comparative example. As illustrated, the EUV
light generating apparatus 100 includes a chamber 5, a
connecting section 6 for taking out the generated EUV light
4 to the outside at a certain position, and a chamber holding
member 7 that holds the chamber 5. The EUV light gener-
ating apparatus 100 supplies the EUV light 4 as exposure
light, to an exposure device applied to optical lithography 1n
the semiconductor manufacturing process, for example. In
that case, the connecting section 6 1s a part connecting the
chamber 5 and the exposure device. Here, 1t 1s assumed that
an emitting direction of the EUV light 4 1s a Z direction, an
output direction of the droplet 2 1s a Y direction, and a
direction perpendicular to both the Z direction and the Y
direction 1s an X direction.

[0032] The chamber 5 1s a container that forms an internal
space 1solated from the external environment, and 1s used for
generating the EUV light 4 1n the internal space kept 1s a
vacuum state. The chamber 5 1s provided with a droplet
supply device 9 via a holder 8. The chamber 5 has a through
hole Sa. The holder 8 1s disposed detachably on the outside
of the chamber 5 so as to cover the through hole 5a.

[0033] The droplet supply device 9 1s a device that allows
the target material to melt and outputs i1t toward a plasma
generating region R 1n the form of a droplet 2. The droplet
supply device 9 outputs the droplet 2 by means of a so-called
continuous jet method, for example. The material of the
droplet 2, that 1s, the target material, 1s a metal material. The
metal matenial 1s a material including tin, terbium, gado-
linmlum, or a combination of any two of them, and 1s
preferably tin.
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[0034] Inside the chamber 5, an EUV light collector mirror
11, a laser beam condensing mirror 12, and a heat shield 13
are provided. The EUV light collector mirror 11 1s held
inside the chamber 5 via a holder 14. The laser beam
condensing mirror 12 1s held inside the chamber 5 via a
holder 15. The heat shield 13 1s held 1inside the chamber 5 via
a holder 16. The chamber 5 1s also provided with a window
17 that transmits the pulse laser beam 1.

[0035] The EUV light collector mirror 11 1s held so as to
collect the radiation light 3 generated in the plasma gener-
ating region R and reflect 1t to the side of the connecting
section 6. As described above, the radiation light 3 includes
the EUV light 4. The EUV light collector mirror 11 has the
through hole 11a formed 1n a center portion thereof. The
through hole 11a 1s a hole for transmitting the pulse laser
beam 1, reflected by the laser beam condensing mirror 12,
toward the plasma generating region R.

[0036] The EUV light collector mirror 11 selectively
reflects the EUV light 4, among the various types of light
included i1n the radiation light 3, to condense 1t on an
intermediate focal point IF. The reflective surface of the
EUV light collector mirror 11 1s formed of a multilayer
reflective film 1n which molybdenum and silicon are alter-
nately layered, for example. The reflective surface of the
EUV light collector mirror 11 1s formed of a part of a
spheroidal face having a first focal point and a second focal
point, for example. The EUV light collector mirror 11 1s
disposed such that the first focal point 1s positioned in the
plasma generating region R and the second focal point 1s
positioned at the intermediate focal point IF.

[0037] The laser beam condensing mirror 12 1s formed of
an off-axis parabolic mirror, for example. The laser beam
condensing mirror 12 1s held such a state that the focal point
thereot 1s positioned 1n the plasma generating region R. The
laser beam condensing mirror 12 condenses the pulse laser
beam 1 having passed through the window 17 in the plasma
generating region R.

[0038] The heat shield 13 1s a member that absorbs radiant
light secondarily generated along with generation of the
plasma. The heat shield 13 has a tapered cylindrical shape in
which an end portion on the -7 direction has a large
diameter and an end portion in the +7Z direction has a small
diameter. The heat shield 13 1s disposed to surround the
plasma generating region R. Also, the heat shield 13 1s
disposed to surround the optical path of the radiation light 3
reflected by the EUV light collector mirror 11. The end
portion in the —Z direction of the heat shield 13 1s positioned
in the vicinity of the outer periphery of the EUV light
collector mirror 11. The heat shield 13 has a through-hole

13a for transmitting the droplet 2.

2.2 Operation of Comparative Example

[0039] The droplet supply device 9 heats the target mate-
rial stored in the tank, for example, with a heater, not
illustrated, to melt 1t. In the case where the target material 1s
tin, since the melting point of tin 1s 232° C., the tank 1s
heated to a temperature of 250° C. or higher but 290° C. or
lower. The droplet supply device 9 oscillates a piezoelectric
clement not 1llustrated mounted on a nozzle, for example, to
divide the melted target material 1n a predetermined cycle to
form the droplet 2, and outputs the droplet 2 from the nozzle
with a predetermined frequency. The droplets 2 output 1nto
the chamber 5 are sequentially supplied to the plasma
generating region R.
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[0040] On the other hand, the pulse laser beam 1 emaitted
from the laser apparatus 200 and having passed through the
window 17 1s retlected by the laser beam condensing mirror
12 and 1s condensed in the plasma generating region R. At
this time, the emission timing of the pulse laser beam 1 1s
defined such that the timing that the droplet 2 reaches the
plasma generating region R and the timing that the pulse
laser beam 1 reaches the plasma generating region R coin-
cide with each other, on the basis of the detection result of
a droplet detection sensor not illustrated.

[0041] The pulse laser beam 1 condensed 1n the plasma
generating region R 1s radiated to the droplet 2 supplied to
the plasma generating region R. The droplet 2 1s made 1nto
plasma when being irradiated with the pulse laser beam 1. At
that time, the droplet 2 emaits the radiation light 3. The EUV
light 4 1ncluded i1n the radiation light 3 1s selectively
reflected by the EUV light collector mirror 11, and 1s
condensed at the intermediate focal point IF of the connect-
ing section 6. The EUV light 4 condensed on the interme-
diate focal point IF passes through the through-hole 55 of the
chamber 5 and 1s emitted toward the exposure device not
illustrated. The radiant light secondarily generated along
with generation of the plasma 1s absorbed by the EUV light
collector mirror 11 and the heat shield 13.

2.3 Problem

[0042] When the pulse laser beam 1 1s radiated to the
droplet 2, debris of the target matenial 1s secondarily gen-
erated. Hereinafter, description will be continued on the
premise that the target material 1s tin, for example. The tin
debris generated as described above may adhere to the
surfaces of components in the chamber 5, that 1s, on a
surface 11S of the EUV light collector mirror 11, a surface
13S of the heat shield 13, a surface 12S of the laser beam
condensing mirror 12, and the like.

[0043] The tin debris adhering to the surface of a compo-
nent in the chamber 5 gradually degrades the performance
originally held by the component. The component 1n such a
state must be replaced with a new component finally. There-
fore, 1t 1s required to measure the adhering amount of the tin
debris on the surface of each component, more specifically,
a film thickness of the tin debris, to know an appropriate
time to replace the component. However, 1n a conventional
EUV light generating apparatus, it 1s necessary to remove
the components such as the EUV light collector mirror 11,
the heat shield 13, and the like from the chamber 5 under a
condition that driving of the apparatus i1s completely
stopped, and to measure the film thickness outside the
apparatus. In view of the above, a techmque that enables
casy measurement of the film thickness of the debris adher-
ing to the surface of a component, without need of large-
scale removal of the component, 1s required.

3. First Embodiment

[0044] With reference to FIGS. 2 to 6, an EUV light
generating apparatus 10 according to a first embodiment will
be described. The EUV light generating apparatus 10 has a
function of measuring the film thickness of debris adhering
to the surface of a component 1n the chamber 5 without need
of removing the component. Note that regarding the con-
figurations and operations of the EUV light generating
apparatus 10 of the first embodiment, description 1s omitted
for the configurations and operations that are the same as
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those of the EUV light generating apparatus 100 of the
comparative example illustrated in FIG. 1.

3.1 Configuration

[0045] FIG. 2 schematically illustrates a configuration of
the EUV light generating apparatus 10 according to the first
embodiment. As 1llustrated, the EUV light generating appa-
ratus 10 1ncludes a robot hand drive unit 21, a storage box
22 for storing the robot hand drive umit 21, a gate 23 for
opening and closing the storage box 22, a polyarticular robot
hand 24, and a fluorescent X-ray unit 25. The EUV light
generating apparatus 10 further includes a film thickness
measurement control unit 31 connected with the robot hand
drive unit 21, a monitor 32 connected with the film thickness
measurement control unit 31, and an EUV light generation
control unit 33 connected with the film thickness measure-
ment control unit 31. The robot hand drive unit 21, the robot
hand 24, and the fluorescent X-ray umit 25 constitute a
measurement device according to the present disclosure.
The monitor 32 constitutes a display unit according to the
present disclosure.

[0046] The fluorescent X-ray unit 25 measures the film
thickness of a measurement target object by the fluorescent
X-ray analysis. That 1s, as 1llustrated 1n FIG. 3, the fluores-
cent X-ray unit 25 includes a primary X-ray tube 26 that
emits a primary X-ray, an X-ray optical member 27, and a
fluorescent X-ray detector 28. When a measurement target
object 1s 1rradiated with a primary X-ray emitted from the
primary X-ray tube 26, a fluorescent X-ray having an energy
spectrum unique to the component element 1s emitted from
the object. The fluorescent X-ray enters the fluorescent
X-ray detector 28 via the X-ray optical member 27 having
a spectroscopic function. The fluorescent X-ray detector 28
detects the intensity of the incident fluorescent X-ray and
outputs an 1ntensity detection signal. The intensity detection
signal 1s input to the film thickness measurement control unit
31 illustrated in FIG. 2 via a signal line 29. The intensity of
the fluorescent X-ray 1s 1n proportion to the thickness of the
measurement target object. Theretfore, the intensity detection
signal 1nput to the film thickness measurement control unit
31 represents the thickness of the measurement target object.

[0047] The fluorescent X-ray unit 25 1s held by a tip
portion of the robot hand 24. The robot hand 24 1s driven by
the robot hand drive unit 21, and the robot hand 24 moves
the fluorescent X-ray unit 25 1n three dimensions along the
surface 11S that 1s a reflective surface of the EUV light
collector mirror 11. When the fluorescent X-ray unit 25
moves as described above, it 1s maintained 1n a state of
approaching the surface 11S 1n a confronting manner.
Operation of the robot hand drive unit 21 1s controlled by the
film thickness measurement control unit 31 formed of a
personal computer (PC) or the like, for example. The control
operation of the film thickness measurement control unit 31
1s controlled by the EUV light generation control unit 33 that
controls the overall operation of the EUV light generating
apparatus 10.

[0048] Here, as illustrated 1in FIG. 3, consideration will be
given on a primary X-ray incident axis C1 from the primary
X-ray tube 26, a fluorescent X-ray detection axis toward the
fluorescent X-ray detector 28, that 1s, an optical axis C2 of
the X-ray optical member 27, and a normal line Q standing
at the primary X-ray incident point on the surface 118 of the
EUV light collector mirror 11. “Confronting”™ of the fluo-
rescent X-ray unit 25 described above means a state where
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an angle 01 defined by the primary X-ray incident axis C1
against the normal line Q and an angle 02 defined by the
fluorescent X-ray detection axis C2 against the normal line
Q are equal to each other. This point 1s the same even 1n the
case where the surface 13S along which the fluorescent
X-ray unit 25 moves is flat and a measurement surface 25/
of the fluorescent X-ray unit 25 1s flat accordingly, as
illustrated in FIG. S.

[0049] Further, “approach™ of the fluorescent X-ray unit
25 described above generally means a distance D between
the surface of the fluorescent X-ray unit 25 confronting the
surface 11S of the EUV light collector mirror 11, that 1s, a
measurement surface 25¢, and the surface 118 1s about 5 mm
or less.

[0050] Here, the overall shape of the fluorescent X-ray
unit 25 including the shape of the measurement surface 25¢
will be described. FIG. 4 illustrates an overall perspective
shape of the fluorescent X-ray unit 25. The fluorescent X-ray
unit 25 includes a side surface 254 1n a cylindrical shape, a
rear end surface 2556, and the measurement surface 25¢ that
1s a curved surface. The measurement surface 25¢ has a
through-hole 254 for transmitting the primary X-ray and the
fluorescent X-ray. The radius of curvature of the measure-
ment surface 25¢ 1s set to be slightly smaller than the radius
of curvature of the surface 11S of the EUV light collector
mirror 11. Further, as illustrated in FIG. 3, the fluorescent
X-ray unit 25 1s disposed such that the center of the curved
surface constituting the measurement surface 25¢ and the
center of the surface 11S of the EUV light collector mirror
11 coincide with each other at a common point Om.
[0051] The gate 23 illustrated 1n FIG. 2 1s movable 1n the
+X direction, for example, and opens and closes the opening
of the storage box 22. In order to measure the film thickness
of the tin debris, when the fluorescent X-ray unit 25 1is
moved along the surface 11S of the EUV light collector
mirror 11, the opening 1s opened, and the robot hand 24 1s
extended into the chamber § through the opening. When
measurement of the film thickness of the tin debris 1s not
performed, the robot hand 24 1s folded and 1s stored 1n the
storage box 22 together with the fluorescent X-ray unit 25,
and the opening of the storage box 22 1s closed by the gate
23. Thereby, the robot hand 24 and the fluorescent X-ray unit
25, not 1n use, are protected.

3.2 Operation

[0052] The fluorescent X-ray unit 25 moves along the
surface 11S of the EUV light collector mirror 11 by the robot
hand 24. Each time the fluorescent X-ray unit 25 moving in
this manner becomes a state where it approaches, 1n a
conifronting manner, each of the points on the surface 118,
measurement of the film thickness of the tin debris on the
surtace 118 1s performed. Measurement of the film thickness
1s performed by radiating the primary X-ray emitted from
the primary X-ray tube 26 illustrated in FIG. 3 to the
measurement point on the surface 11S, as described above,
and detecting the intensity of the fluorescent X-ray emitted
at that time by the fluorescent X-ray detector 28. The
intensity detection signal output by the fluorescent X-ray
detector 28 1s input to the film thickness measurement
control unit 31 1llustrated in FIG. 2 via the signal line 29. As
the fluorescent X-ray detector 28, a silicon drift detector 1s
used preferably, for example.

[0053] Note that when measurement of the film thickness
of the tin debris 1s performed, generation of EUV light 1s
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temporarily stopped. That 1s, supply of the droplet 2 by the
droplet supply device 9 and supply of the pulse laser beam
1 from the laser apparatus 200 are temporarily stopped. The
timing of performing measurement of the film thickness 1s
determined, by the EUV light generation control unit 33
illustrated 1n FIG. 2, to the time when the number of
accumulated shots (the number of supply) of the droplets 2,
the accumulated generation time of the EUV light 4, the
accumulated energy amount of the generated EUV light 4, or
the like reaches a predetermined upper limit value.

[0054] FIG. 6 1s a tlowchart showing the flow of a film
thickness measurement process 1n the EUV light generating
apparatus 10. Hereinafter, the film thickness measurement
process will be described 1n detail with reference to FIG. 6.
The film thickness measurement process 1s controlled by the
film thickness measurement control unmit 31 1llustrated 1n
FIG. 2. When drive operation for the film thickness mea-
surement process has started, at step S1, the film thickness
measurement control unit 31 first determines whether or not
the number of accumulated shots of the droplets 2 reaches an
integral multiple of 5 Bpls, that 1s, five billion pulses. The
information representing the number of accumulated shots 1s
transmitted from the EUV light generation control unit 33
illustrated 1 FIG. 2. In the case where the number of
accumulated shots of the droplets 2 does not reach an
integral multiple of 5 Bpls, the process of step S1 and after
1s repeated.

[0055] When the number of accumulated shots of the
droplets 2 reaches an 1ntegral multiple of 5 Bpls, at step S2,
the film thickness measurement control unit 31 stops gen-
eration of the EUV light 4. That 1s, the film thickness
measurement control unmit 31 transmits an instruction to stop
generation of the EUV light 4 to the EUV light generation
control unit 33 to thereby temporarily stop supply of the
droplets 2 by the droplet supply device 9 and supply of the
pulse laser beam 1 from the laser apparatus 200.

[0056] When generation of the EUV light 4 1s stopped, for
a plurality of points on the surface 11S of the EUV light
collector mirror 11, the film thickness measurement control
unit 31 measures the adhesion amount of the tin debris by
the fluorescent X-ray unit 235 at step S3. More specifically,
the measurement 1s measurement of the film thickness of the
tin debris adhering to the surface 11S. Measurement of the
film thickness 1s performed as described above. Also, at the
time of measurement of the film thickness, an intensity
detection signal output by the fluorescent X-ray detector 28
illustrated 1n FIG. 3, that 1s, a signal indicating the film
thickness of the tin debris, 1s mput to the film thickness
measurement control unit 31.

[0057] Inthe present embodiment, the number of points at
which thickness measurement of the tin debris 1s performed
1s fifty, for example. The fifty points on the surface 11S of
the EUV light collector mirror 11 are previously defined by
the X directional coordinate, the Y directional coordinate,
and the Z directional coordinate. The film thickness mea-
surement control umt 31 controls driving of the robot hand
drive unit 21 such that the fluorescent X-ray unit 25 moving
along the surface 11S of the robot hand 24 moves to
sequentially approach the fifty points 1n a confronting man-
ner. Each time the fluorescent X-ray unit 25 approaches each
of the fifth points 50 in a confronting manner, the film
thickness measurement control umt 31 allows the primary
X-ray to be emitted from the primary X-ray tube 26 and
allows the fluorescent X-ray detector 28 to detect the inten-
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sity of the fluorescent X-ray. Thereby, when there 1s tin
debris adhering to the surface 11S of the EUV light collector
mirror 11, the film thickness thereof 1s measured. Note that
the unit of film thickness to be measured 1s nanometer (nm),
for example. The film thickness measurement control unit 31
stores the measured film thickness 1n a storage unit such as
a memory not 1illustrated, 1n association with each of the
points, that 1s, each of the fifty points.

[0058] Next, at step S4, the film thickness measurement
control unit 31 converts the film thickness of the tin debris
that 1s measured for each of the fifty measurement points and
stored, 1nto reflectance of the surface 11S of the EUV light
collector mirror 11. The film thickness measurement control
unit 31 stores, 1n the storage unit, a correspondence rela-
tionship between the film thickness of tin debris and the
reflectance previously obtained on the basis of experiments
or experiences, 1n the form of a table. Then, the film
thickness measurement control unit 31 performs the con-
version on the basis of the stored correspondence relation-
ship. The retlectance of the surface 11S decreases as the film
thickness of tin debris 1s larger. If the reflectance decreases
excessively, the function of the EUV light collector mirror
11 deteriorates from the original function. Accordingly,
when the reflectance significantly decreases to a predeter-
mined level, it 1s necessary to replace the EUV light col-
lector mirror 11 with one having the original function.
Meanwhile, even when the reflectance of the surface 11S
decreases, 1f the decreasing level i1s not significant, 1t 1s
possible to continue operation of the EUV light generating
apparatus 10 for the time being while lowering the power of
the EUV light 4 so that adhesion of the tin debris can be
suppressed.

[0059] Next, at step S5, the film thickness measurement
control unit 31 next determines whether or not there are
fifteen points or more film thickness measurement points at
which the retlectance of the surface 11S 1s less than 35%.
When the film thickness measurement control unit 31 deter-
mines that there are not fifteen points or more film thickness
measurement points at which the reflectance 1s less than
35%, at step S8, the film thickness measurement control unit
31 allows generation of the EUV light 4 that has been
temporarily stopped. Then, the process of step S1 and after
1s repeated.

[0060] On the other hand, when the film thickness mea-
surement control unmit 31 determines that there are fifteen
points or more film thickness measurement points at which
the reflectance of the surface 118 1s less than 35%, the film
thickness measurement control unit 31 then determines
whether or not there are twenty five or more film thickness
measurement points at which the reflectance of the surface
11S 1s less than 35%, at step S6. When the film thickness
measurement control unit 31 determines that there are
twenty five or more film thickness measurement points at
which the retlectance 1s 35% or less, at step S7, the film
thickness measurement control unit 31 displays a notifica-
tion 1ndicating that replacement of the EUV light collector
mirror 11 1s required on the monitor 32 illustrated 1n FIG. 2,
for example. This notification 1s 1ssued as a form of alarm by
the words such as “Replacement of collector mirror 1s
required”, as an example. Alternatively, when the film
thickness measurement control unit 31 1s configured of a PC
as described above, the alarm may be 1ssued by the sound.
With such a notification, the user of the EUV light gener-
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ating apparatus 10 can know that replacement of the EUV
light collector mirror 11 1s required.

[0061] On the other hand, at step S6, when there are not
twenty five or more film thickness measurement points at
which the reflectance 1s less than 35%, the film thickness
measurement control unit 31 then sets the EUV light gen-
erating apparatus 10 to a low power mode at step S9. That
1s, the film thickness measurement control unit 31 transmits
an 1nstruction to set the mode to the low power mode, to the
EUV light generation control unit 33 illustrated 1n FIG. 2.
Thereby, the EUV light generating apparatus 10 1s set to the
low power mode by the EUV light generation control unit
33. Specifically, assuming that duty 1s 100% when all of the
droplets 2 illustrated 1n FIG. 1 are 1rradiated with the pulse
laser beam 1, the power of the EUV light 4 1s decreased
when the duty 1s set to 40% to 60%, for example. The
decrease of the duty 1s performed by lowering the repetition
frequency of the pulse laser beam 1, for example.

[0062] By lowering the power of the EUV light 4, 1t 1s
possible to continue operation of the EUV light generating
apparatus 10 for the time being while suppressing adhesion
of the tin debris to the surface 11S. Note that in the case of
an exposure device i which the EUV light 4 1s used as
exposure light, by setting the exposure time longer, for
example, 1t 1s possible to compensate for the decrease of the
power of the EUV light 4 to thereby secure the necessary
exposure amount.

[0063] Adfter the EUV light generating apparatus 10 1s set
to the low power mode, the process flow goes through step
S8 and then returns to step S1, and the process of step S1 and
after 1s repeated. If a notification indicating that replacement
of the EUV light collector mirror 11 1s required 1s made at
step S7, drive operation for the film thickness measurement
process ends.

[0064] As 1s obvious from the above description, the film
thickness of the tin debris on the surface 11S corresponding
to the reflectance of 35% corresponds to a threshold of the
film thickness according to the present disclosure. The
fifteen points and the twenty five points that are numbers of
the film thickness measurement points correspond to a
second region and a first region according to the present
disclosure, respectively. Assuming that A represents the total
number of film thickness measurement points, B represents
the number of film thickness measurement points as the first
region, and C represents the number of film thickness
measurement points as the second region, a relationship of
A>Bz=C 1s established. In the present embodiment, A=50,
B=25, and C=15 are satisfied. However, the number of
points 1s not limited thereto. Any number may be used. Also,
the film thickness measurement control unit 31 constitutes a
control unit according to the present disclosure, and the film
thickness measurement control unit 31 and the monitor 32
constitutes a notification unit according to the present dis-
closure.

[0065] Note that the determination process at step S1 may
be replaced with a process of determining whether or not the
accumulated generation time of the EUV light 4 reaches an
integral multiple of twenty four hours, or whether or not the
accumulated energy amount of the generated EUV light 4
reaches an integral multiple of 1 kilojoules (k).

[0066] Further, the film thicknesses of the tin debris mea-

sured at a plurality of measurement points may be displayed
on the monitor 32 1n association with the coordinates of the
respective measurement points. This display 1s made by
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displaying specific measurement values in which the unit 1s
nm, for example. Alternatively, the film thickness measure-
ment results may be displayed 1n the form of so-called color
map 1n which dots or the like of colors that are different by
the range of measurement values are displayed on a display
region likened to the surface 11S on which the film thickness
measurement has been performed. By referring to such a
display, the user of the EUV light generating apparatus 10
can easily determine where or not it 1s necessary to replace

the EUV light collector mirror 11 or set the EUV light
generating apparatus 10 to the low power mode.

3.3 Eftect

[0067] As described above, according to the EUV light
generating apparatus 10 of the present embodiment, 1t 1s
possible to easily measure the film thickness of the tin debris
adhering to the surface 11S of the EUV light collector mirror
11 without need of large-scale operation of removing the
EUV light collector mirror 11. Further, according to the
EUV light generating apparatus 10 of the present embodi-
ment, 1t 1s possible to accurately know that 1t 1s time to
replace the EUV light collector mirror 11.

4. Second Embodiment

[0068] Next, with reference to FIGS. 7 and 8, an EUV
light generating apparatus 20 according to a second embodi-
ment will be described. The EUV light generating apparatus
20 also has a function of measuring the film thickness of the
debris adhering to the surface of a component 1n the chamber
5 without need of removing the component. Regarding the
configurations and operations of the EUV light generating
apparatus 20 of the second embodiment, description 1is
omitted for the configurations and operations that are the
same as those of the EUV light generating apparatus 100 of
the comparative example 1llustrated 1n FIG. 1 and those of
the EUV light generating apparatus 10 of the first embodi-
ment illustrated 1n FIGS. 2 to 6.

4.1 Configuration

[0069] FIG. 7 schematically illustrates a configuration of
the EUV light generating apparatus 20 according to the
second embodiment. As compared with the EUV light
generating apparatus 10 of the first embodiment, the EUV
light generating apparatus 20 1s basically different 1n that the
fluorescent X-ray unit 25 moves along a surface 13S of the
heat shield 13 and 1s able to measure the film thickness of the
tin debris adhering to the surface 13S. Further, the EUV light
generating apparatus 20 of the present embodiment differs
from the EUV light generating apparatus 10 of the first
embodiment 1n that the film thickness measurement control
umit 31 illustrated 1n FIG. 7 1s configured to perform a
process different from that of the first embodiment.

[0070] Further, as the fluorescent X-ray unit of the present
embodiment, the fluorescent X-ray unit 25 1llustrated in FIG.
5 and referred to 1n the description of the first embodiment
1s used. In the fluorescent X-ray umt 25 1llustrated in FIG.

5, the measurement surface 25/1s tlat in order to measure the
film thickness of the tin debris on the surface 13S of the flat
heat shield 13. Note that a heat shield 1s described i1n detail

in Patent Document 3, for example.
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4.2 Operation

[0071] The fluorescent X-ray unit 25 moves along the
surface 13S of the heat shield 13 by the robot hand 24. Each
time the fluorescent X-ray unit 25 moving as described
above becomes a state where it approaches each of the points
on the surface 13S 1n a confronting manner, measurement of
the film thickness of the tin debris on the surface 13S 1s
performed. The measurement of a film thickness 1s per-
formed 1n the same manner as that of the first embodiment.
[0072] FIG. 8 1s a flowchart showing the flow of a film
thickness measurement process 1n the EUV light generating
apparatus 20. Hereinafter, the film thickness measurement
process will be described 1n detail with reference to FIG. 8.
The film thickness measurement process 1s controlled by the
film thickness measurement control unit 31 illustrated 1n
FIG. 7. When drive operation for the film thickness mea-
surement process has started, at step S11, the film thickness
measurement control unit 31 first determines whether or not
the number of accumulated shots of the droplets 2 reaches an
integral multiple of 5 Bpls, that 1s, five billion pulses. The
information representing the number of accumulated shots 1s
transmitted from the EUV light generation control unit 33
illustrated 1 FIG. 7. In the case where the number of
accumulated shots of the droplets 2 does not reach an
integral multiple of 5 Bpls, the process of step S11 and after
1s repeated.

[0073] When the number of accumulated shots of the
droplets 2 reaches an integral multiple of 5 Bpls, at step S12,
the film thickness measurement control unit 31 stops gen-
eration of the EUV light 4. That 1s, the film thickness
measurement control unit 31 transmits an instruction to stop
generation of the EUV light 4 to the EUV light generation
control umt 33 to thereby temporarily stop supply of the
droplets 2 by the droplet supply device 9 and supply of the
pulse laser beam 1 from the laser apparatus 200.

[0074] When generation of the EUV light 4 1s stopped, for
a plurality of points on the surface 13S of the heat shield 13,
the film thickness measurement control unit 31 measures the
adhesion amount of the tin debris by the fluorescent X-ray
unit 25 at step S13. More specifically, the measurement 1s
measurement of the film thickness of the tin debris adhering
to the surface 13S. Measurement of the film thickness 1s
performed as described above. Also, at the time of measure-
ment of the film thickness, an intensity detection signal
output by the fluorescent X-ray detector 28 illustrated 1n
FIG. §, that 1s, a signal indicating the film thickness of the
tin debris, 1s input to the film thickness measurement control
unit 31 1illustrated 1n FIG. 7.

[0075] Inthe present embodiment, the number of points at
which measurement of the film thickness of the tin debris 1s
performed 1s twenty four, for example. The twenty four
points on the surface 13S of the heat shield 13 are previously
defined by the X directional coordinate, the Y directional
coordinate, and the Z directional coordinate. The film thick-
ness measurement control unit 31 controls driving of the
robot hand drive unit 21 such that the fluorescent X-ray unit
25 moving along the surface 13S by the robot hand 24
moves to sequentially approach the twenty four points 1n a
confronting manner. Each time the fluorescent X-ray unit 25
approaches each of the twenty four points in a confronting
manner, the film thickness measurement control unmit 31
allows the primary X-ray to be emitted from the primary
X-ray tube 26 and allows the fluorescent X-ray detector 28
to detect the intensity of the fluorescent X-ray. Thereby,
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when there 1s tin debris adhering to the surface 13S of the
heat shield 13, the film thickness thereof 1s measured. The
film thickness measurement control unit 31 stores the mea-
sured film thickness 1n a storage unit such as a memory not
illustrated, 1n association with each of the points, that is,
each of the twenty four measurement points.

[0076] Next, at step S14, the film thickness measurement
control unit 31 determines whether or not there are eight or
more film thickness measurement points, among the twenty
four measurement points, at which the film thickness of the
tin debris that 1s measured and stored exceeds 100 nm. When
the film thickness measurement control unit 31 determines
that there are not eight or more film thickness measurement
points at which the measured film thickness exceeds 100 nm,
at step S17, the film thickness measurement control unit 31
allows generation of the EUV light 4 that has been tempo-
rarily stopped. Then, the process of step S11 and after 1s
repeated.

[0077] On the other hand, when the film thickness mea-
surement control unit 31 determines that there are eight or
more film thickness measurement points at which the mea-
sured film thickness exceeds 100 nm, the film thickness
measurement control unit 31 then determines whether or not
there are twelve or more film thickness measurement points
at which the measured film thickness exceeds 100 nm at step
S15. When the film thickness measurement control unit 31
determines that there are twelve or more film thickness
measurement points at which the measured film thickness
exceeds 100 nm, at step S16, the film thickness measure-
ment control unit 31 displays a notification indicating that
replacement of the heat shield 13 1s required on the monitor
32 illustrated i FIG. 7, for example. This notification 1s
1ssued as a form of alarm by the words such as “Replace-
ment of heat shield 1s required”, for example. Alternatively,
when the film thickness measurement control unit 31 1s
configured of a PC as described above, the alarm may be
1ssued by the sound. With such a notification, the user of the
EUV light generating apparatus 20 can know that replace-
ment of the heat shield 13 1s required.

[0078] On the other hand, when the film thickness mea-

surement control unit 31 determines that there are not twelve
or more film thickness measurement points at which the
measured film thickness exceeds 100 nm, the film thickness
measurement control unit 31 then sets the EUV light gen-
erating apparatus 20 to the low power mode at step S18. The
setting of the low power mode 1s performed in the same
manner as that of the first embodiment.

[0079] By lowering the power of the EUV light 4, it 1s
possible to continue operation of the EUV light generating
apparatus 20 for the time being while suppressing adhesion
of tin debris to the surface 13S. Note that in the case of an
exposure device i which the EUV light 4 1s used as
exposure light, by setting the exposure time longer, for
example, 1t 1s possible to compensate for the decrease of the
power of the EUV light 4 to thereby secure the necessary
exposure amount.

[0080] After the EUV light generating apparatus 20 1s set
to the low power mode, the process flow goes through step
S17 and then returns to step S11, and the process of step S11
and after 1s repeated. If a notification indicating that replace-
ment of the heat shield 13 1s required 1s made at step S16,
drive operation for the film thickness measurement process
ends.
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[0081] As 1s obvious from the above description, the
measured film thickness of 100 nm of the tin debris corre-
sponds to a threshold of the film thickness according to the
present disclosure. The eight points and the twelve points
that are the numbers of the film thickness measurement
points correspond to the second region and the first region of
the present disclosure, respectively. Also, the film thickness
measurement control unit 31 constitutes a control unit
according to the present disclosure, and the film thickness
measurement control unit 31 and the monitor 32 constitutes
a noftification unit according to the present disclosure.
[0082] Note that the determination process at step S11
may be replaced with a process of determining whether or
not the accumulated generation time of the EUV light 4
reaches an integral multiple of twenty four hours, or whether
or not the accumulated energy amount of the generated EUV
light 4 reaches an integral multiple of 1 kilojoules (k).
[0083] Further, the film thicknesses of the tin debris mea-
sured at a plurality of measurement points may be displayed
on the monitor 32 1n association with the coordinates of the
respective measurement points. Such a display 1s made in
the same manner as that of the first embodiment. By
referring to such a display, the user of the EUV light
generating apparatus 20 can easily determine whether or not
it 1s necessary to replace the heat shield 13 or set the EUV
light generating apparatus 20 to the low power mode.

4.3 Eftect

[0084] As described above, according to the EUV light
generating apparatus 20 of the present embodiment, 1t 1s
possible to easily measure the film thickness of the tin debris
adhering to the surface 13S of the heat shield 13 without
need of large-scale operation of removing the heat shield 13.
Further, according to the EUV light generating apparatus 20
of the present embodiment, 1t 1s possible to accurately know
that 1t 1s time to replace the heat shield 13.

5. Third Embodiment

[0085] Next, with reference to FIG. 9, an EUV light
generating apparatus 30 according to a third embodiment
will be described. Note that FIG. 9 1llustrates a state where
the EUV light generating apparatus 30 1s seen from a
direction turned by 90° around the Z axis as compared with
FIGS. 2 and 7. In the EUV light generating apparatus 30,
hydrogen 1s introduced in the chamber 5. Therefore, the
EUV light generating apparatus 30 includes an exhaust path
41 for discharging hydrogen and stannane gas from the
inside of the chamber 5, and has a function of measuring the
film thickness of the debris adhering to the inner surface of
the exhaust path 41 without removing the exhaust path 41.
Regarding the configurations and operations of the EUV
light generating apparatus 30 of the third embodiment,
description 1s omitted for the configurations and operations
that are the same as those of the EUV light generating
apparatus 10 of the first embodiment and the EUV light
generating apparatus 20 of the second embodiment.

5.1 Configuration

[0086] FIG. 9 schematically illustrates a configuration of
the EUV light generating apparatus 30 according to the third
embodiment. As compared with the EUV light generating
apparatus 20 of the second embodiment, the EUV light
generating apparatus 30 1s basically different 1n that the
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fluorescent X-ray unit 25 moves along an 1nner surface 41S
of the exhaust path 41 and 1s able to measure the film
thickness of the tin debris adhering to the mnner surface 418S.
Note that an exhaust path provided to an EUV light gener-
ating apparatus 1s described 1n detail in Patent Document 4,
for example.

5.2 Operation

[0087] The fluorescent X-ray unit 25 moves along the
inner surface 41S of the exhaust path 41 by the robot hand
24. As the 1inner surface 41S of the exhaust path 41, the inner
surface of a portion against which the exhaust from the
chamber 5 collides, that 1s, a portion where tin debris 1s
likely to adhere, 1s selected. Each time the fluorescent X-ray
unit 25 moving as described above becomes a state where 1t
approaches each of the points on the inner surface 41S 1n a
confronting manner, measurement of the film thickness of
the tin debris on the mnner surface 41S 1s performed. The
measurement of the film thickness 1s performed 1n the same
manner as that of the first embodiment and the second
embodiment.

[0088] The film thickness measurement process in the
EUV light generating apparatus 30 1s performed in the same
manner as the process shown in the flowchart of FIG. 8, for
example.

5.3 Effect

[0089] According to the EUV light generating apparatus
30 of the present embodiment, 1t 1s possible to easily
measure the film thickness of the tin debris adhering to the
inner surface 41S of the exhaust path 41 without need of
large-scale operation of removing the exhaust path 41.
Further, according to the EUV light generating apparatus 30
of the present embodiment, 1t 1s possible to accurately know
that it 1s time to replace the exhaust path 41.

6. Fourth Embodiment

[0090] Next, with reference to FIG. 10, an EUV light

generating apparatus 40 according to a fourth embodiment
will be described. The EUV light generating apparatus 40
has a function of measuring the film thickness of the debris
adhering to a surface 12S of the laser beam condensing
mirror 12 without need of removing the laser beam con-
densing mirror 12. Regarding the configurations and opera-
tions of the EUV light generating apparatus 40 of the fourth
embodiment, description 1s omitted for the configurations
and operations that are the same as those of the EUV light
generating apparatus 10 of the first embodiment and the
EUV light generating apparatus 20 of the second embodi-
ment.

6.1 Configuration

[0091] FIG. 10 schematically illustrates a configuration of
the EUV light generating apparatus 40 according to the
fourth embodiment. As compared with the EUV light gen-
erating apparatus 10 of the first embodiment, the EUV light
generating apparatus 40 1s basically different 1n that the
fluorescent X-ray unit 25 moves along the surface 12S of the
laser beam condensing mirror 12 and 1s able to measure the
film thickness of the tin debris adhering to the surface 12S.
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6.2 Operation

[0092] The fluorescent X-ray unit 25 moves along the
surface 12S of the laser beam condensing mirror 12 by the
robot hand 24. Each time the fluorescent X-ray unit 25
moving as described above becomes a state where it
approaches each of the points on the surface 12S 1n a
confronting manner, measurement of the film thickness of
the tin debris on the surface 12S is performed. The mea-
surement of the film thickness 1s performed i1n the same
manner as that of the first embodiment and the second
embodiment.

[0093] The film thickness measurement process in the
EUV light generating apparatus 40 1s performed in the same
manner as the process shown in the flowchart of FIG. 6, for
example.

6.3 Effect

[0094] According to the EUV light generating apparatus
40 of the present embodiment, 1t 1s possible to easily
measure the film thickness of the tin debris adhering to the
surface 12S of the laser beam condensing mirror 12 without
need of large-scale operation of removing the laser beam
condensing mirror 12. Further, according to the EUV light
generating apparatus 40 of the present embodiment, 1t 1s
possible to accurately know that it 1s time to replace the laser
beam condensing mirror 12.

7. Fitth Embodiment

[0095] Next, with reference to FIG. 11, an EUV light
generating apparatus 50 according to a fifth embodiment
will be described. The EUV light generating apparatus S0
has a function of measuring the film thickness of the debris
adhering to a surface 51S of a damper mirror 51 without
need of removing the damper mirror 51. Regarding the
configurations and operations of the EUV light generating
apparatus 50 of the fifth embodiment, description 1s omitted
for the configurations and operations that are the same as
those of the EUV light generating apparatus 10 of the first
embodiment and the EUV light generating apparatus 20 of
the second embodiment.

7.1 Configuration

[0096] FIG. 11 schematically illustrates a configuration of
the EUV light generating apparatus 50 according to the fifth
embodiment. As compared with the EUV light generating
apparatus 10 of the first embodiment, the EUV light gener-
ating apparatus 50 1s basically different 1n that the fluores-
cent X-ray unit 25 moves along a surface 518 of the damper
mirror 51 and 1s able to measure the film thickness of the tin
debris adhering to the surface 51S. Further, the EUV light
generating apparatus 30 also includes a holding member 52
that holds the damper mirror 51 inside the chamber 5, a
window 53 attached to the chamber 5, a connecting section
54, a beam dump device 55, and a cooling device 56.

7.2 Operation

[0097] The damper mirror 51 condenses the pulse laser
beam 1 that has traveled toward the droplet 2 and passed
through the plasma generating region R without being
radiated to the droplet 2. At the time of measuring the film
thickness of the tin debris, supply of the pulse laser beam 1
toward the droplet 2 1s stopped. However, 1n FIG. 11, the
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optical path of the pulse laser beam 1 at the time of EUV
light generation 1s indicated by a broken line. The pulse laser
beam 1 condensed by the damper mirror 51 passes through
the window 53 and enters the beam dump device 55 via the
connecting section 54, and 1s absorbed by the beam dump
device 355. The beam dump device 55 1s cooled by the
cooling device 56, whereby a temperature rise due to absorb-
ing of the pulse laser beam 1 1s suppressed. Note that the
damper mirror 1s described 1n detail 1n Patent Document 5,
for example.

[0098] The fluorescent X-ray unit 25 moves along the
surtace 51S of the damper mirror 51 by the robot hand 24.
Each time the fluorescent X-ray unit 25 moving as described
above becomes a state where 1t approaches each of the points
on the surface 518 1n a confronting manner, measurement of
the film thickness of the tin debris on the surface 51S 1s
performed. The measurement of the film thickness 1s per-
formed 1n the same manner as that of the first embodiment
and the second embodiment.

[0099] The film thickness measurement process in the
EUYV light generating apparatus 50 1s performed 1n the same
manner as the process shown in the flowchart of FIG. 6, for
example.

7.3 Effect

[0100] According to the EUV light generating apparatus
50 of the present embodiment, 1t 1s possible to easily
measure the film thickness of the tin debris adhering to the
surface 51S of the damper mirror 51 without need of
large-scale operation of removing the damper mirror 51.
Further, according to the EUV light generating apparatus 50
of the present embodiment, 1t 1s possible to accurately know
that 1t 1s time to replace the damper mirror 51.

8. Others

[0101] It may be obvious to those skilled 1n the art that 1n
the embodiments described above, respective techniques are
applicable to one another among the embodiments including
the comparative example.

[0102] The description above 1s intended to be illustrative
and the present disclosure i1s not limited thereto. Therefore,
it would be obvious to those skilled 1n the art that various
modifications to the embodiments of the present disclosure
would be possible without departing from the spirit and the
scope of the appended claims. Further, 1t would be also
obvious for those skilled in the art that embodiments of the
present disclosure would be appropriately combined.

[0103] The terms used throughout the present specifica-
tion and the appended claims should be interpreted as
non-limiting terms. For example, terms such as “comprise”,
“include”, “have”, and “contain” should not be interpreted to
be exclusive of other structural elements. Further, indefinite
articles “a/an” described in the present specification and the
appended claims should be interpreted to mean “at least
one” or “‘one or more.”

What 1s claimed 1s:
1. An extreme ultraviolet light generating apparatus com-
prising:
a chamber 1n which a target maternial 1s 1rradiated with a
laser beam and extreme ultraviolet light 1s generated;
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an optical element disposed in the chamber; and
a measurement device movable along a surface of the
optical element and configured to measure a film thick-
ness of the target material adhering to the surface of the
optical element.
2. The extreme ultraviolet light generating apparatus
according to claim 1, wherein
the optical element 1s an extreme ultraviolet light collector
mirror configured to collect the extreme ultraviolet
light.
3. The extreme ultraviolet light generating apparatus
according to claim 1, wherein
the optical element 1s a laser beam condensing mirror
configured to condense a laser beam traveling toward
the target material.
4. The extreme ultraviolet light generating apparatus
according to claim 1, wherein
the optical element 1s a damper mirror configured to
reflect a laser beam that, after traveling toward the
target material, has passed through a plasma generating
region without being radiated to the target matenal.
5. The extreme ultraviolet light generating apparatus
according to claim 1, wherein
the measurement device includes a fluorescent X-ray unit
configured to measure the film thickness by fluorescent
X-ray analysis.
6. The extreme ultraviolet light generating apparatus
according to claim 1, wherein

the measurement device includes a polyarticular robot
configured to move a unit that measures the film
thickness along the surface of the optical element.

7. The extreme ultraviolet light generating apparatus
according to claim 1, further comprising

a notification unit configured to notify that replacement of
the optical element 1s required when a number of points
where the film thickness of the target material adhering
to the surface exceeds a predetermined thickness i1s
equal to or more than a first number.

8. The extreme ultraviolet light generating apparatus
according to claim 1, further comprising

a control unit configured to lower power of the extreme
ultraviolet light to be generated when a number of
points where the film thickness of the target material
adhering to the surface exceeds a predetermined thick-
ness 1s equal to or more than a second number.

9. The extreme ultraviolet light generating apparatus
according to claim 8, wherein

the control unit lowers the power by decreasing a repeti-
tion frequency of a pulse laser beam to be radiated to
the target material.

10. The extreme ultraviolet light generating apparatus
according to claim 1, further comprising

a notification unit configured to notity that replacement of
the optical element 1s required when a number of points
where the film thickness of the target material adhering
to the surface exceeds a predetermined thickness i1s
equal to or more than a first number; and

a control unit configured to lower power of the extreme
ultraviolet light to be generated when the number of the
points 1s equal to or more than a second number smaller
than the first number.

11. An extreme ultraviolet light generating apparatus
comprising;
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a chamber 1n which a target maternial 1s 1rradiated with a
laser beam and extreme ultraviolet light 1s generated;
a heat shield disposed in the chamber; and
a measurement device movable along a surface of the heat
shield and configured to measure a film thickness of the
target material adhering to the surface of the heat
shield.
12. The extreme ultraviolet light generating apparatus
according to claim 11, wherein
the measurement device includes a fluorescent X-ray unit
configured to measure the film thickness by fluorescent
X-ray analysis.
13. The extreme ultraviolet light generating apparatus
according to claim 11, wherein
the measurement device includes a polyarticular robot
configured to move a umt that measures the film
thickness along the surface of the heat shield.
14. The extreme ultraviolet light generating apparatus
according to claim 11, further comprising
a notification unit configured to notify that replacement of
the heat shield 1s required when a number of points
where the film thickness of the target material adhering
to the surface exceeds a predetermined thickness i1s
equal to or more than a first number.
15. The extreme ultraviolet light generating apparatus
according to claim 11, further comprising
a control unit configured to lower power of the extreme
ultraviolet light to be generated when a number of
points where the film thickness of the target material
adhering to the surface exceeds a predetermined thick-
ness 1s equal to or more than a second number.
16. The extreme ultraviolet light generating apparatus
according to claim 135, wherein
the control unit lowers the power by decreasing a repeti-
tion frequency of a pulse laser beam to be radiated to
the target material.
17. The extreme ultraviolet light generating apparatus
according to claim 11, further comprising
a notification unit configured to notify that replacement of
the heat shield 1s required when a number of points
where the film thickness of the target material adhering
to the surface exceeds a predetermined thickness i1s
equal to or more than a first number; and
a control unit configured to lower power of the extreme
ultraviolet light to be generated when the number of the
points 1s equal to or more than a second number smaller
than the first number.
18. An extreme ultraviolet light generating apparatus
comprising;
a chamber 1n which a target material 1s 1rradiated with a
laser beam and extreme ultraviolet light 1s generated;
an exhaust path through which exhaust from 1nside of the
chamber flows; and
a measurement device movable along an 1nner surface of
the exhaust path and configured to measure a film
thickness of the target material adhering to the inner
surface of the exhaust path.
19. The extreme ultraviolet light generating apparatus
according to claim 18, wherein
the measurement device includes a fluorescent X-ray unit
configured to measure the film thickness by fluorescent
X-ray analysis.
20. The extreme ultraviolet light generating apparatus
according to claim 18, wherein
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the measurement device includes a polyarticular robot
configured to move a unit that measures the film
thickness along the inner surface of the exhaust path.
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