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BACKGROUND OF THE INVENTICN
5 Field of the Invention

The present invention relates to a continuous
emission excimer laser oscillation apparatus and method
that allow continuous light emission, and an excimer
laser apparatus and a laser tube.

10 Related Background Art

An excimer laser has received a lot of attention
as one and only high-power laser that can oscillate in
the ultraviolet region, and its applications are
expected in the electronics, chemical, and energy

15 industries.

More specifically, the excimer laser is used in
working, chemical reactions, and the like of metals,
resins, glass, ceramics, semiconductors, and the like.

An apparatus for generating an excimer laser beam

20 is known as an excimer laser oscillation apparatus. A
laser gas mixture containing, e.g., Ar, Kr, Ne, F,, and
the like filled in a manifold is excited by electron
beam radiation, discharge, or the like. The-excited F
atoms bind to inactive KrF*-ArF* atoms in the ground

25 étate to form molecules that can exist in only an
excited state. Such molecules are called excimers.

Since the excimers are unstable, they immediately emit
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15 I ndustries. Moire specifically, the excimer laser is used in working,

chem cal reactions, and the |ike of netals, resins, glass, ceramcs,

sem conductors, and the like. An apparatus for generating an exciner |aser

beam 20 is known as an excinmer |laser osgillation apparatus. A |aser gas
m xture containing, e.g., Ar, Kr, Ne, F2, and the like filled in a manifold
Is excited by el ectron beamradi ation, discharge, or the |ike. The excited

F atoms bind to inactive KrF*. ArF* atonms in the ground 25 state to form
nol ecul es that can exist in only an excited state. Such nol ecul es are

cal | ed exci mer 13 ildie 1R e didp Wis vl grduisy staveli atstich et
phenomenon is called bond-free transition or
spontaneous emission, and an excimer laser oscillation
apparatus utilizes the excited molecules and amplifies
5 them as in-phase light in an optical resonator made up
of a pair of reflection mirrors to output a laser beam.
Conventionally, it is impossible for an excimer
laser oscillation apparatus to attain continuous
excitation since the lifetime of excimers as a laser
10 medium is very short, and pulse excitation that
intermittently supplies fast-rise-time current pulses
(about 10 nsec) is normally performed.
For this reason, the service life of electrodes in
the conventional excimer laser oscillation apparatus is
15 és short as about half a year.
| On the other hand, when, for example, a chemical
sensitization type resist is exposed using a pulse
oscillation type continuous emission excimer laser
oscillation apparatus having a repeating frequency of
20 100 Hz to 1 kHz in a semiconductor working process, the
service iife of a lens material and a reflection-free
multilayered film on the surface of the lens material
is very short.
Such problem will be explained in detail below.
25 The sensitivity of the chemical sensitization type
resist is about 20 mJ/cm?. Hence, light of 0.1 W/cm?

requires an exposure time of 0.2 sec. On the other



-2- ultraviolet rays and drop to the ground state. Such phenonenon is

call ed bond-free transition or spontaneous em ssion, and an exciner | aser
oscillation apparatus utilizes the excited nolecules and amplifies 5

them as in-phase light in an optical resgngtgr made up of a pair of
reflection mrrors to output a | aser beam™Conventionally, it is inpossible
for an exciner |laser oscillation apparatus to attain continuous excitation
since the lifetime of excimers as a |aser 10 mediumis very short, and
pul se excitation that intermttently supplies fast-rise-tinme current pul ses

hand, light of 1 W/cm? requires an exposure time of 0.02
sec. In consideration of considerable losses in the
optical system, an optical output of about 10 W
suffices. |
5 In pulse emission (1 kHz) used today, pulse light
of about 10 nsec is generated about 1,000 times per
sec. If the exposure time is 0.2 sec, 200 pulses and
20 mJ/cm? are required. Assuming that energy drops to
1/100 due to losses of the optical system, the emission
10 intensity I, of each pulse is described as follows in
.consideration of the pulse duty shown in Fig. 31:
I, (watt) x 10 (néec) x 2 x 10? (pulses)
x 1072 (efficiency) = 2 x 107% (Joul)
I, = 2 x 107%/10°® x 2
15. | = 1 x 10° (watt)
If a constant optical outbut can be obtained for
10 nsec, pulse light of 1 MW is obtained. 1In practice,
pulse light shown in Fig. 32 is obtained.
In practice, since the pulse light has a pulée
20 waveform shown in Fig. 32, the intensity of light
pulses has a peak power ranging from 2 to 3 MW. Since
short-wavelength light of several MW intermittently are
~ incident, the durability requirement of the lens
material and the reflection-free multilayered film on
25 its surface becomes very severe.
In the era of excimer laser lithography,

step-and-repeat exposure is not simultaneously



(about 10 nsec) is normally perfornmed. For this reason, the service life. of
el ectrodes in the conventional exciner |aser oscillation apparatus is 15
as short as about half a year. On the other hand, when, for exanple, a
chenical sensitization type resist is expoged using a pulse oscillation
type continuous em ssion excinmer |aser oscillation apparatus having a
repeati ng frequency of 20 100 Hz to 1 kHz in a sem conductor working
process, the service life of a lens material and a reflection-free
mul tilayered filmon the surface of the Iens material is very short. Such
problem w | | beepgumigdsd but deiatirineelexposifre by scanfimgensiitinon y of
the chem cal sensitization type
or lens is performed. When about 1,000 light pulses
are generated per sec, and the exposure time is 0.2
sec, only about 200 pulses can be used per exposure.
5 1f, for example, a 25 x 35 mm’ area is to be exposed
uniformly, the relative relationship between the
scanning mechanism of the mirror or lens and the light
pulses must be very strictly controlled, and a very
complicated control system is required in optical
10 elements. In addition, at present the light pulse
outputs fluctuate by about 10%. For this reason, the
mirror or lens scanning control system must inevitably
be made very complicated, resulting in a sophisticated,
expensive excimer laser exposure apparatus.
15 Furthermore, the conventional excimer laser
‘oscillation apparatus also has the following problem.
That is, since a KrF laser and ArF laser of excimer
lasers use highly reactive fluorine gas as a laser gas,
the concentration of fluorine in the laser chamber that
20 stores the laser gas and gives discharge energy to the
gas is low. In consideration of this, the voltage
supplied to the laser chamber is raised so as to obtain
a predetermined output. When the predetermined output
becomes hard to obtain even by such controi,
25 oscillation is interrupted, and fluorine gas is

refilled. When oscillation further continues, finally

the predetermined laser output cannot be obtained even



resist is about 20 mi/cnferr]. Hence, light of 0.1 Wcnierr] requires
exposure time of 0.2 sec. On the other -3- hand, light of 1 Wcnfer
Fequires an exposure tine of 0.02 sec. In consideration of considerab

| osses in the optical

In pul se em ssion (1 kHz) used today, pulse light of about 10 nsec is
generated about 1,000 tines per sec. If the exposure tinme i's 0.2 sec,
pul ses and 20 mi/cnierr] are required. Assum ng that energy drops to
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25

by refilling fluorine, and the laser chamber must be
exchanged in such state.

In the case of an excimer laser emission apparatus
that emits light for about several 10 ns by discharge
using voltage pulses, since the emission time is too
short, the wavelength half width of the light emission
spectrum of outgoing light is as wide as about 300 pm.
For this reason, a wavelength half width of 1 pm or
less can be obtained by monochromating using a
narrow-band module such as a grating or the like.

In the existing techniques, fluorine gas must be
refilled at predetermined intervals, and oscillatién
must be done by raising the applied voltage. In other
words, fluorine gas decreases in amount due to reaction
with, e.g., the chamber inner surface as time elapses.
Therefore, the service life of the laser chamber is not
satisfaétory, and in particular, when a laser is used
for a long period of time upon working articles, the
ggrvice life of the chamber is an important factor upon
improving the manufacturing throughput of worked
articles.

A wavelength half width of 1 pm or less can be
currently obtained by monochromating using a
narrow-band module such as a grating or the like.
waever, thé emission intensity of outgoing light
decreases due to a narrow bandwidth using a grating or

the like, and such decrease in intensity seriously
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system an optical _ogtput of about 10 Wsuffices. 5
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1/ 100 due to | osses of the optical system the em ssion 10 intensity
I[err] of each pulse is described as follows in consideration of the pul se
duty shown in Fig. 31: I[err] (watt) x 10 (nsec) x 2 x 102 (pul ses) x
10[err] (efficiency) = 2 x 10[err] (Joul) b[grr] = 2 x 10-2/10[err] x 2 15
= 1 x 10[err] (watt) If a constant optical output can be obtained for 10
nsec, pulse light of 1 MNis obtained. In practice, pulse light shown in
Fig. 32 is obtained. In practice, since the pulse light has a pul se 20
wavef orm shown in Fig. 32, the intensity of |ight pul ses has a peak power

rangi ng from 2 dos€udd¥ Shpedrshvrt -o@ vene tddufd@hir g Sevesedhpl¥ of
intermttently are
worked articles.
SUMMARY OF THE INVENTION
It is an object of the present invention to
5 provide a continuous emission excimer laser oscillation
apparatus and method, and an exposure apparatus, Which
can feduce thé load on the lens material and its
surface, can simplify the mirror or laser scanning
control system, and is satisfactorily used in mass
10 production since the service life of an excimer laser
can be sufficiently prolonged.

It is another object of the present invention to
provide an excimer laser oscillation apparatus and
method, which can realize a narrow bandwidth while

15 increasing the intensity of outgoing light.

It is still another object of the present
invention to provide an excimer laser exposure
apparatus which can achieve a spectrum with a narrow
Wavelength width without using any narrow-band module,

20 and can realize a compact, simple apparatus.

In order to achieve the above object, according to
one aspect of the present invention, an excimer laser
oscillation apparatus comprises:

a laser chamber whiéh stores a lasér gas

25 containing a gas mixture of at least one inert gas
selected from the group consisting of Kr, Ar, and Ne,

and F, gas, and in which an inner surface thereof has a



incident, the durability requirenment of the lens material and the

reflection-free nultilayered filmon 25 Its surface becones very severe.
in the era of exciner |aser lithography, step-and-repeat exposure is not
si mul t aneousl y -4- perfornmed, but scannyng exposure by scanning a mrror

or lens is performed. \Wen about 1,000 |ight pulses are generated per sec,
and the exposure tinme is 0.2 sec, only about 200 pul ses can be used per
exposure. 5 If, for exanple, a 25 x 35 mjerr] area is to be exposed

reflection-free surface with respect to light of a
desired wavelenéth of 248 nm, 193 nm, or 157 nm, and an
uppermost surface of the inner surface is made of a
fluoride;
5 an optical resonator which is made up of a pair of
| reflection mirrors arranged to sandwich the laser
chamber therebetwéen, and in which a reflectance of the
reflection mirror on an output side is not less than
90%; and
10 microwave introduction means, arranged on the
laser chamber, for continuously exciting the laser gas
in the laser chamber.
According to one aspect of the present invention,
an excimer laser oscillation method comprises the steps
15  of:
continuously supplying a laser gas containing a
gas mixture of at least one inert gas selected from the
~ group consisting of Kr, Ar, and Ne, and F, gas into a
lgser chamber in which an inner surface thereof has a
20 reflection-free surface with respect to light of a
desired wavelength of 248 nm, 193 nm, or 157 nm, and an
uppermost surface of the inner surface consisﬁs of a
fluoride;
continuously excifiﬁg the laser gas in the laser
25 chamber by intrbducing a microwave into the laser
chamber; and

resonating light emitted by the excited laser gas



uniformy, the relative relationship between the scanning nechani smof the
mrror or lens and the |light pulses nust be very strictly controll ed,
very conplicated control systemis required in optical 10 el enent s.
addition, at present the |ight pulse outpués_fluctuate by about 10% For

this reason,

the mrror or lens scanning control system nust inevitab

made very conplicated, resulting in a sophisticated, expensive excinmer
| aser exposure apparatus. 15 : Furthernore, the conventional excimer
| aser oscillation apparatus also has the follow ng problem That is, since

a KrF laser anthArd daiseloffriidd®ion aprorse dirdEledtaiidd \6¥ fiHer i ne
gas as a |laser gas, the concentration of fluorine in the |aser chanber
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25

reflection mirror on an output side being not less than
90%.

According to one aspect of the present invention,
an excimer laser oscillation apparatus comprises:

a laser chamber for storing an excimer laser gas:;

an optical resonator consisting of a pair of
reflection mirrors arranged to sandwich the laser
chamber therebetween;

light selection means, arranged in an optical path
of the optical resonator, for selecting light to be
oscillated;

microwave introduction means for continuously
exciting the excimer laser gas:; and |
| control means for controlling the microwave
introduction means to continuously introduce a

microwave, and controlling the light selection means to

- change light to be selected when oscillation of an

egcimer laser is stopped.

According to one aspect of the present invention,
a laser oscillation apparatus comprises:

a laser chamber for storing an excimer laser gas;

an optical resonator consisting of a pair of
reflection mirrors arrénged to sandwich the laser
chamber therebetween; and

microwave introduction means for exciting the

laser gas in the laser chamber, the microwave

and a
In
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20 stores the |laser gas and gives discharge energy to the gas is low. In
consideration of this, the voltage supplied to the |aser chanber is raised
s0 as to obtain a predeterm ned output. Wen the predeterm ned out put
becones hard to obtain even by such control, _25 oscillation is
interrupted, and fluorine gas is refilled. Wen oscillation further
continues, finally the predeterm ned | aser output cannot be obtained even
-5- by refilling fluorine, and the |aser chanber nust be exchanged in such
St at e. -

introduction means being arranged along an optical axis

of the optical resonator, and a distance between the
microwave introduction means and an optical axis of the
optical resonator being changed in a direction of the

5  optical axis in accordance with changes, in the
direction of the optical axis, in beam spot radius in a
direction perpendicular to the optical axis.

According to one aspect of the present invention,
an excimer laser oscillation apparatus comprises:

10 a laser chamber for storing an excimer laser gas;

an optical resonator consisting of a pair of total

reflection prisms arranged to sandwich the laser
chamber therebetween, light coming from the optical
resonator entering the total reflection prisms at a

15 Brewster angle; and
| an output member for taking out light in the
optical resonator.

According to one aspect of the present invention(
an An exposure apparatus comprises:

20 (A) an excimer laser oscillation apparatus
having,

a laser chamber which stores a laser gas
containing a gas mixture of at least one inert gas
selected from the grou§-¢onsisting of Kr, Ar, and Ne,

25 = and F, gas, and in which an inner surface thereof has a
reflection-free surface with respect to light of a

desired wavelength of 248 nm, 193 nm, or 157 nm, and an



In the case of an exciner |aser em ssion apparatus that emts light for
about several 10 ns by discharge 5 usi ng vol tage pul ses, since the

em ssion time is too short, the wavelength half width of the |light em ssion
spectrum of outgoing light is as w de aq_quqg 300 pm For this reason, a
wavel ength half width of 1 pmor |ess can 'be obtained by nonochromating
using a 10 narr ow- band nodul e such as a grating or the like. In the

exi sting techniques, fluorine gas nust be refilled at predeterm ned
intervals, and oscillation nmust be done by raising the applied voltage. In

other words, flyshdAfodBSsEierdOases thik AHMNEE SWPfdde IBRiads dba W th,
e.g., the chanber inner surface as tine el apses. Therefore, the service
life of the | asgruskbdder is not
| an optical resonator which is made up of a pair of
reflection mirrors arranged to sandwich the laser
5 chamber therebetween, and in which a reflectance of the
reflection mirror on an output side is not less than
90%, and

microwave introduction means, arranged on the

laser chamber, for continubusly exciting the laser gas
10 in the laser chamber:;

(B) an illumination optical system for
illuminating a reticle formed with a pattern by light
output from the excimer laser oscillation apparatus:;

(C) an imaging optical system for imaging light

15 coming from the reticle onto a wafer; and

(D) a movable stage which carries the wafer.

According to onelaspect of the present invention,
an exposure apparatus comprises:

(A) an excimer laser oscillation apparatus

20 comprising:

a laser chamber for storing an excimer laser gas,

an optical resonator consisting of a pair of
reflection mirrors arranged to sandwich the laser
chamber therebetween,

25 - light selection means, arranged in an optical path
" of the opticél resonator, for éelecting light to be

oscillated,



satisfactory, and in particular, when a laser is used for a |ong period of
time upon working articles, the service life of the chanber is an inportant
factor upon 20 i mprovi ng the manufacturing throughput of worked
articles. A wavelength half width of 1 pmygr Jess can be currently obtained
by nonochromati ng using a narrow band nodul e such as a grating or the like.
25 However, the em ssion intensity of outgoing |ight decreases due to a
narrow bandw dth using a grating or the |like, and such decrease in
intensity seriously '

microwave introduction means for continuously
exciting the excimer laser gas, and

control means for controlling the microwave
introduction means to continuousiy introduce a

5 microwave, and controlling the iight selection means to

.change light to be selected when oscillation of.an
excimer laser is stopped;

(B) an illumination optical system for
illuminating a reticle formed with a pattern by light

10 output from the excimer laser oscillation apparatus;

(C) an imaging optical system for imaging light
coming from the reticle onto a wafer; and

(D) a movéble stage on which the wafer is
disposed and which carries the wafer.

15 . According to one aspect of the present invention,
a iaser tube which stores a laser gas containing a gas
mixture of at least one inert gas selected from the
group cohsisting of Kr, Ar, and Ne, and F, gas,
qomprises:

20 | a laser tube inner surface which has a
reflection-free surface with reépect to light of a
desired wavelength of 248 nm, 193 nm, or 157 nm, and aﬂ
uppermost surface of which consists of a fluoride; and

an insulating plafe-for introducing a microwave

25 into the laser tube.

The detailed embodiments of the present invention

will become apparent from some embodiments to be



-6- disturbs inprovenent of the manufacturing throughput of worked
articles. SUMWWARY OF THE INVENTION It is an object of the present invention
to 5 provi de a continuous em ssion excinmer |aser oscillation apparatus
and nethod, and an exposure apparatus, which can reduce the |oad on the
lens material and its surface, can sinprifi$ the nirror or |aser scanning
control system and is satisfactorily used in nmass 10 producti on since
the service life of an excinmer |laser can be sufficiently prolonged. It is
anot her object of the present invention to provide an exciner |aser

oscillation apgﬁégggfgég“kelow_

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view showing a gas supply
system to a laser chamber;
5 Fig. 2 shows the reaction formals of an excimer;
Figs. 3A, 3B, and 3C are sectional views showing
examples of the shapes of a laser tube;
Figs. 4A and 4B are sectional views showing other
examples of the shapes of the laser tube;

10 Fig. 5 is a perspective view showing the gap
between the terminal end of a waveguide and an
insulating plafe;

Figé. 6A and 6B are sectional views showing the
gap between the terminal end of the waveguide and the

15 insulating plate;

Fig. 7 is a perspective view shoﬁing application
of a magnetic field:

Figs. 8A and 8B are respectively a cross-sectional
view and an 8B-8B sectional view of an example of a

20 continuous emission excimer laser oscillation apparatus
having a microwave.supply device;

Figs. 9A, QB,'and 9C are bottom views of a
waveguide 1 in Figs. 8A and_BB;
Figs. 10A and 1OB-afe respectively a

25 cross-sectional view and a 10B-10B sectional view of a

continuous emission excimer laser oscillation apparatus

having a microwave supply device;



met hod, whi ch can realize a narrow bandwi dth while 15

I ncreasing the

Intensity of outgoing light. It is still another object of the present
-nvention to provide an exciner |aser exposure apparatus which can achieve
a spectrumw th a narrow wavel ength wi dth 4 thout using any narrow band
nodul e, 20 and can realize a conpact, sinple apparatus. In order to

achi eve the above object, according to one aspect of the present invention,
an excinmer |laser oscillation apparatus conprises: a |aser chanber which

stores a | aser gas 25 containing a gas m xture of at

| east one inert gas

sel ected fromthe greigs CODEASARAULIDE dfe dfosswgedEiomall vPewdsofaad in

whi ch an i nner surface thereof has a

continuous emission excimer laser oscillation apparatus

having a microwave supply device;

Figs. 12A and 12B are cross-sectional views of

5 another continuous emission excimer laser oscillation

.apparatus having a microwave supply device:;

Fig. 13 is a cross-sectional view of a continuous

emission excimer laser oscillation apparatus having a

microwave supply device;

10 Fig. 14 is a cross-sectional view of a continuous

emission excimer laser oscillation apparatus having a

microwave supply device:;

Figs. 15A and 15B are graphs showing changes in

beam spot radius;

15 Figs. 16A and 16B are sectional views of a laser

oscillation apparétus;

Figs. 17A and 17B are sectional views of a laser

oscillation apparatus;

Figs. 18A, 18B, and 18C are schematic views

20 showing the vicinities of a slot portion; ~

Fig. 19 is a sectional view showing an example of

a slot waveguide;

Figs. 20A and 20B are plan views showing an

example of the slot shape;

25 Figs. 21A and 21B are sectional views of an

excimer laser oscillation apparatus according to an

embodiment of the present invention;



-7- reflection-free surface with respect to light of a desired wavel ength
of 248 nm 193 nm or 157 nm and an uppernost surface of the inner surface

s made of a fluoride; 5 an optical resonator which is made up of a
pair of reflection mrrors arranged to sa ich the | aser chanber

t herebet ween, and in which a reflectance of the reflection nmrror on an
output side is not |ess than 90% and 10 m crowave i ntroduction

nmeans, arranged on the

Figs. 22A and 22B are cross-sectional views of
another continuous emission excimer laser oscillation
apparatus having a microwave supply device;

Figs. 23A and 23B are sectional views of an

5 excimer laser oscillation apparatus according to
-another embodiment of the present invention;

Figs. 24A and 24B are respectively a front view
and a side view of a resonator which sets a reflectance
of 100% at both ends using prisms;

10 Figs. 25A, 25B, and 25C are side views showing
modifications of Figs. 24A and 24B;

Fig. 26 is a schematic view of an excimer laser
exposure apparatus;

Fig. 27 is a schematic diagram of an excimer laser

15 écéording to an embodiment of the present invention;

Fig. 28 is a graph showing a gain curve in the
excimer laser according to the embodiment of the
present invention;

Fig. 29 shows a side view and a front view of an

20 excimer laser oscillation apparatus according to an
embodiment; and

Fig. 30 is a sectional view showing the seal
structure between a light reflection plate and a laser
tube (metal cylinder) in.the excimer laser oscillation

25 apparatus according to the embodiment.
Fig. 31 is a schematic view showiﬁg a pulse state.

Fig. 32 is a schematic view showing a real pulse



| aser chanber, for continuously exciting the |laser gas in the |aser _
chanber. According to one aspect of the present invention, an exciner |aser
escillation nethod conprises the steps 15 of : continuously supplying a

| aser gas containing a gas mixture of at_lgast one inert gas selected from
the group consisting of Kr, Ar, and Ne, and F2 gas into a |aser chanber in
whi ch an inner surface thereof has a 20 reflection-free surface with
respect to light of a desired wavel ength of 248 nm 193 nm or 157 nm and
an uppernost surface of the inner surface consists of a fluoride;
continuously exgtitag the laser gas in the | aser

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The effects of the present invention will be

explained hereinafter together with knowledge and
5 embodiments obtained upon achieving the invention.

In the present invention, since continuous
emission is done, the need for controlling the relative
rélationship between the scanning mechanism of the
mirror or lens and the pulses can be obviated, and the

10 control of the optical system can be very simple.

As analyzed by the present inventors, since light
of 0.1 W/cm? requires an exposure time of 0.2 sec and
light of 1 W/cm® requires an exposure time of 0.02 sec,
an output of about 10 W suffices in consideration of

15 iight losses in the optical system, and the service
life of the lens material and its surface can be
prolonged.

Furthermore, the following effects are attained.

First, damages to the optical material such as

20 glass are reduced. A normal excimer laser such as a
KrF laser, ArF laser, or the like produces pulse
emissions as short as 10 to 20 nsec, while the
repeating freduency of the pulse is about 1,000 H=z.
Accordingly, the peak iight intensity of this pulse is

25 10,000 times or more that obtained by continuous
emission at an identical intensity regardless of the

efficiency of the optical system. The major cause of



25 chanmber by introducing a m crowave into the |aser chanber; and
resonating light emtted by the excited | aser gas -8- by a pair of
reflection mrrors, a reflectance of the reflection mrror on an out put

si de being not less than 90% According tgqegne aspect of the present

I nvention, 5 an excimer |laser oscillation apparatus conprises: a |aser
chanber for storing an exciner |aser gas; an optical resonator consisting
of a pair of

damages to the material in the excimer region lies in
two-photon absorption, and optical damages in the
existing excimer laser which is proportional to the
square of the peak intensity of light is at least 108

5 times stricter than those in continuous emission. The

| durability of the glass material poses a problem in the

ArF region for the above-mentioned reasons. Hence,
realization of a continuous emission light source can
solve material problems in the ultraviolet region as

10 well as the ArF region.

Second, production of speckles as a phenomenon
inherent to light in a narrow band can be easily
suppressed. In case of pulse emission, in order to
effectively remove speckles as random interference

15 fringes, the light emission timings of the individual
pulses and a known speckle removal means must be
synchronized with high precision. In contrast to this,
continuous oscillatioh does not require any.special
gynchronization means, and speckles can be easily

20 removed by a known, simple means such as a rotary
diffusion plate. For this reason, the arrangement of
the optical system can be simplified,.and'a cost
reduction can be efféctively attained.

Third, exposure amoﬁnt control is easy. When

25 discrete exposure such as pulse emission is performed,
the minimum unit in exposure.amount control basiéally

depends on the number of pulses although it also



reflection mrrors arranged to sandwi ch the | aser chanber therebetween; 10
| i ght sel ection neans, arranged in an optical path of the optical

resonator, for selecting light to be oscillated; m crowave introduction

means for continuously exciting the excin&r | aser gas; and 15

control neans for controlling the mcrowa
continuously introduce a m crowave,
means to change light to be sel ected when oscillation of an exci ner
According to one aspect of the present invention,

"is stopped. 20

i nt roduction neans to

llaser oscillatiQhARAAGH Uhe BN trANability of the exposure amount

10

15

per pulse. When exposure is attained by a total of 100
pulses, the next unit is 99 pulses or 101 pulses, and
the control precision is *1%. Of course, various means

for controlling the last one pulse have been proposed,

‘but finer exposure amount control free from any

resolution owing to discreteness is preferable for
controllability or control. As the line width
decreases, stricter exposure amount control is
required. Under such circumstances, the effect of the
continuous emission light source is tremendous.

As described above, conventionally, it is
impossible for an excimer laser to attain continuous
emission since the energy levels in the excimer state
have a short lifetime and atoms cannot be maintained at
the excited level for a certain period of time and,

hence, fast-rise-time pulse excitation must be

- performed.

20

25

In the present invention, the inner surface of a
laser chamber for storing a laser gas is made up of a
reflection-free surface with respect to light having
desired wavelengths such as 248 nm, 193 nm, and 157 nm.

The reason why the inner surface of the laser
chamber is made up of fhe reflection-free surface is to
prevent spontaneously emitted light from being

reflected by the inner surface of the laser chamber and

returning to the gas to transit KrF* or ArF* from the

and controlling the light selection
| aser

a



a |laser chanmber for storing an excinmer |aser gas; an optical resonator
consisting of a pair of reflection mrrors arranged to sandw ch the | aser
25 chanmber therebetween; and m crowave introduction means for exciting
the laser gas in the |aser chanber, the mg owave -9 - introduction
means bei ng arranged al ong an optical axis of the optical resonator, and a
di stance between the m crowave introduction neans and an optical axis of
the optical resonator being changed in a direction of the

excited state to the ground state.

Note that the reflection—free surface need not
always have a 100% transmittance or absorbéncy but may
have a certain reflectance. In thié case, the

5 reflectance is preferably 50% or less, more preferably,

20% or less, and most préferably, 5% or less. That is,
the reflectance may be appropriately selected so that a
uniform laser beam can be obtained upon connecting to
an actual apparatus.

10 Furthermore, in order to prevent F, from decreasing
in amount due to reaction with the laser chamber, the
inner surface of the laser chamber is made up of a
fluoride. In particular, the inner surface of the
laser chamber is obtained by forming an FeF, layer on a

15 étainless steel surface which is stable with respect to
F,, by plating nickel on a metal and forming an NiF,
layer on the surface of the nickel plating layer, or by
forming AlF, and MgF, layers on an aluminum alloy.

In the present invention, the reflectance of a

20 reflection mirror on the output side is set at 90% or
more.

In the arrangement of a normal resonator, a 100%
reflectance is set on one side, while a reflectance of
about 10% is set on the 6utput side.

25 The laser gas composition of the conventional KrF*
excimer laser is as follows. |

Kr/Ne/F, = less than 1% : 98% : less than 1%



5

optical axis in accordance with changes, in the direction of the

optical axis, in beamspot radius in a direction perpendicular to the
optical axis. According to one aspect of the present invention,
| aser oscillation apparatus conprises: 10 ' a |l aser chanber for

storing an excinmer |aser gas; an optical® fdsonat or consisting of a pair of

t ot al

t her ebet ween,

reflection prisns arranged to sandwi ch the | aser chanber

an exci ner

light coming fromthe optical resonator entering the tota

reflection prisns at a 15 Brewster angle; and an output mnenber for

taking out light in
present invention,

TS PPELRRENtEaIRN01s ASCIbH B8 4 BRe1asmect 1@f the

the F, concentration is too much, electrons are absorbed

by F and become anions, resulting in unstable

discharge. On the other hand, the pressure is set at 3

5 to 4 atm. Such pressure is set to compensate for a low

'F, concentration and to produce KrF* as much as
possible.

An output of about 10 W suffices continuous

emission. An allowable gain a, will be estimated below.

10 -Laser Beam Intensity in Resonator

Most upper-level excimers vanish by collision

unless the laser operates at an intensity as high as

about a saturated intensity Is. The saturated

intensity is an intensity at which a gain g becomes 1/2

15 a small-signal gain g,, and is obtained as follows in

the case of the KrF excimer laser (Shuntaro Watabe,

"Development and Applied Techniques/Examples of Excimer

Laser"):

Is

hv/ox

20 1.3 MW/cm?

h: Planck constant 6.63 x 103 J-s

v: frequency 3 x 10%/0.248 x 10° = 1.2 x 10

o: induced emission sectional area 2 x 107*¢ cm?

T: upper-level lifetime 3 ns

25 (including deexcitation due to collision)

The upper-level lifetime t can be increased to a

maximum of an emission lifetime (that in free space).



an An exposure apparatus conprises: 20 (A) an excimer |aser
oscillation apparatus having, a laser chanber which stores a |aser gas
.eontaining a gas mxture of at |east one inert gas selected fromthe group

consisting of Kr, Ar, and Ne, 25 and F2 gas, and in which an inner
surface thereof has a reflection-free sutf@te"with respect to light of a
desired wavel ength of 248 nm 193 nm or 157 nm and an - 10 - uppernost

surface of the inner surface is nade of a

The lifetime in this case is 6.7 ns, and the satﬁrated
intensity Is is:
Is = 0.6 MW/cm?
+Laser Taking Out Efficiency
5 This efficiency is given by the ratio of the
number of photons taken out per unit volume per second
to the number of excimers prqduced. The laser taking
out efficiency nmex is obtained by:
nmex = (I/Is)(1 - (1 + I/Is) - a,/Q)
10 I: laser beam intensity
Is: saturated intensity
a,: unsaturated absorption coefficient
g,: small-signal gain
Since a, > 0, the following relation holds:
15 nex < (I/Is)/(l.+ I1/Is)
When the laser beam intensity I is equal to or
smaller than Is, laser oscillation has poor efficiency.
For éxample, when the.laser beam intensity I in the
resonator is 500 W/cm?, the efficiency mex is:
20 nex = 1/2600 or less
(the laser taking out efficiency mex is very
small)
Accordingly, in order to attain efficient laser
oscillation, a saturatéd.intensity of about 1.3 MW/cm?
25 is required.
The preferred embodiments of the present invention

will be described below.



fluoride, an optical resonator which is nade up of a pair of reflection
mrrors arranged to sandwich the |aser 5 chanber therebetween, and in
which a reflectance of the reflection mrror on an output side is not |ess
than 90% and mcrowave introduction neans,, arranged on the |laser chanber,
for continuously exciting the | aser gas-l? in the | aser chanber; (B) an

iI'lum nation optical systemfor illumnating a reticle formed with a
pattern by light output fromthe excinmer |aser oscillation apparatus; (O
an imagi ng optical systemfor inmaging |light 15 comng fromthe reticle

onto a vafer; &Yhser Gas)

In the present invention, the laser gas as a lasei
medium_consists of a gas mixture of at least one inert
gas selected from the group consisting of Kr, Ar, and

5 Ne, and F, gas.

Of these gases, different gases can be
appropriately combined in correspondence with the
wavelength to be used. For example, when the
wavelength is 248 nm, a combination of Kr/Ne/F, is used;

10 when 193 nm, Ar/Ne/F,; when 157 nm, Ne/F,.

In the present invention, it is preferable to
continuously supply the laser gas into the laser
chamber. Fig. 1 shows an example of the laser gas
supply system that can attain such gas supply.

15 o In Fig. 1, gas inlet ports 2la and 21b are formed
at both ends of a laser chamber 20, and a gas outlet
port 22 is formed at substantially the center of the
laser chamber 20. Note that the gas outlet port may be
connected to a vacuum pump Or the like as needed. The

20 laser gas is supplied from the gas inlet ports 2la and
21b at both ends at equallflow rates, and is exhausted
from the gas outlet port 22 formed at substantially the
center of the chamber. This is because such port
layout also serves to prdtect the surface of a light

25 reflection plate on the output end. More specifically,
since the uppermost surface of the light reflection

plate is coated with a thin film of, e.g., a fluoride



(D) a novabl e stage which carries the wafer. According to one aspect of the
present invention, an exposure apparatus conprises: (A) an excinmer |aser
oscillation apparatus 20 conprising: a |aser chanber for storing an

exci mer | aser gas, an optical resonator _c i_sting of a pair of reflection

mrrors arranged to sandwi ch the |aser chanber therebetween, 25
| i ght sel ection neans, arranged in an optical path of the optical
resonator, for selecting light to be oscillated,

film, it never reacts with F, and F*¥. On the other
hand, the gas inlet ports 2la and 21b, and the gas
6utlet port 22 preferébly have a slit-like shape in the
direction microwave currents flow.

5 Also, in Fig. 1, valves 25a, 25b, 26, 27a, énd 27b
‘are respectively connected to the ports 2la, 21b, and
22. When the laser gas is initially supplied, the
valves 25a and 27a are closed and the valves 25b and
27b are opened to purge the interior 6f pipes from

10 laser gas sources to the vicinities of the valves 2ba
and 27a. After pipe purging, the valves 25a and 27b
are closed, and the valve 26 is opened to supply the
laser gas into the laser chamber 20. Once the interior
of the laser chamber 20 is purged, the laser gas

15 continues to be supplied to start laser oscillation.
Of course, if purging or the like is not required, the
valves need not be arranged. In Fig. 1, mass flow
controllers (MFCs) or pressure flow controllers (PFCs)
%8 control the flow rates. In the present invention,

20 the PFCs are preferable. Filters 29 are connected to
the PFCs 28.

In the present invention, to obtain stable

continuous oscillation, the F, concentration in the
laser gas falls within the range from 0.1 éfomic % to 6

25 atomic %, and preferably falls withih the range from 1
to 6 atomic %. More preferably, the F, concentration

falls within the range from 4 to 6 atomic %.



m crowave i ntroduction nmeans for continuously exciting the excimer |aser
gas, and control means for controlling the mcrowave introduction neans to
continuously introduce a 5 m crowave, and controlling the |ight

sel ection neans to change |light to be selegfed when oscillation of an
excinmer laser is stopped; (B) an illum natron optical systemfor
illTumnating a reticle formed with a pattern by light 10° output fromthe
exci mer |aser oscillation apparatus; (C an inmaging optical systemfor

i maging light comng fromthe reticle onto a wafer; and (D) a novabl e stage
on which the wafer ighe laser gas pressure preferably falls within the

range from 10 Torr to 1 atm, and more preferably, 50
Torr to 1 atm. That is, in the present invention,
stable discharge can be obtained even at such low

5 pressure, and stable continuous oscillation and
.continuous emission can be obtained. In the
conventional art, the laser gas pressure falls within
the range from 3 to 4 atm. ;n the conventional art,
when the F, concentration is raised, since F, becomes F~

10 and electrons vanish to result in unstable discharge,
the F, concentration muét be inevitably set at 1% or
less (still lower than that in practice), and the
pressure must be inevitably set at 3 to 4 atm to
compensate for such low concentration. However, in the

15 ,bresent invention, stable discharge is obtained by
‘microwaves even when the F, concentration is raised and,
hence, the gas pressure need not be increased to
compensate for the low F, concentration. Of course, the
pressure may'be increased if it need be increased for

20 some reason.

Fig. 2 shows reaction formulas and reactions that

take place in a laser tube of a KrF excimer laser. 1In
Fig. 2, reaction (3) shﬁuld be noted. As can be seen
from (3), F° and F, are réquired to produce KrF*

25 excimers. On the other hand, as can be seen from (4),
excimers that have emitted light dissociate into rare

gas atoms (Kr) and halogen'atoms (F) in the ground



di sposed and which carries the wafer. 15 According to one aspect of
the present invention, a |laser tube which stores a |aser gas containing a
gas m xture of at |east one inert gas selected fromthe group consisting of
Kr, Ar, and Ne, and F2 gas, conprises: 20,5, _ a |laser tube inner
surface which has a reflection-free surface with respect to light of a
desired wavel ength of 248 nm 193 nm or 157 nm and an uppernost surface
of which consists of a fluoride; and an insulating plate for introducing a
m crowave 25 - into the |laser tube. The detail ed enbodi nents of the

present inventiofats|bubasdi@r BEEGRIFf 02MFS0gEresthydi fegusréd bor
KrF* excimer production.
In addition, reaction (5) in which halogen atoms
(F) produce halogen molecules (F,) is very slow.

5 .From the above findings, it is important to
substitute halogen atoms that have emitted light in a
discharge space and have returned to the ground state
with halogen ions (F°) and halogen molecules (F,).
(Laser Tube)

10 ' A laser tube 40 (Figs. 3A, 3B, and 3C and Figs. 4A
and_4B) is a tube that makes up the laser chamber, and
has a window portion 44 for introducing microwaves.

The laser tube 40 is connected.to a waveguide 42 at its
window portion 44 side. The interior of the laser tube

15 40 and that of the waveguide 42 are sealed, and the
seal is provided by arranging an insulating plate 41 on
the window portion 44 of the laser fube 40. The

~ insulating plate 41 will be described later.
The sectional shape of the terminal end of a

20 plasma excitation portion, i.e., the sectional shape of
the laser tube 40 that makes up the laser chamber can
be a nearly semi-cylindrical shape (or semi-elliptic
shape) (Fig. 3A), a cylindrical shape (Fig. 3B), an
elliptic shape (Fig. 3C); and the like, as shown in

25 Figs. 3A, 3B, and 3C.

" Furthermore, an elliptic shape shown in Fig. 4A is

more preferable. The minor axis direction of this



- 12 - described bel ow. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic view show ng a gas supply systemto a | aser chanber; 5

Fig. 2 shows the reaction formals of an exciner; Figs. 3A, 3B, and 3C are
sectional views show ng exanpl es of the shapes of a laser tube; Figs. 4A
and 4B are sectional views show ng ot her exanples of the shapes of the

| aser tube; 10 Fig. 5 1s a perspective view show ng the gap

ellipse agrees with the introduction direction of
microwaves. Hence, in the case.of the sectional shape
showh in Fig. 4A, microwaves can be uniformly
introduced into the laser gas as the laser medium in

5 the laser tube. Also, a laser beam having a higher
.density per unit area can be obtained, and can be
externally output.

Furthermore, the window portion 44 of the laser
tube 40 may be tapered wider toward the laser tube 40

10 Side, as shown in-Fig. 4B. Note that it may be tapered
narrower toward the laser tube 40 side.

Connections between the laser tube 40 and the
waveguide 42 can be accomplished by, e.g., sealed
fastening by forming flangé portions on them, as shown

15 in Figs. 3A, 3B, and 3C or Figs. 4A and 4B.

In the present invention, no parts such as

electrodes need be arranged inside the laser tube 40.
. More specifically, no electrodes or the like need be
stembled into the laser tube 40 later. Hence, the
20 insulating plate 41 may be attached in advance to the
laser tube 40 depending on the manufacturing process.
The insulating plate 41 may be attached by, e.g.,
shrink fit. 1In the case of Fig. 4B, the insulating
plate 41 may be fitted'ffom the inner side of the laser
25 tube 40.
Note that the laser tube 40 constitutes the laser

chamber, and its uppermost surface consists of a



between the termnal end of a waveguide and an insulating plate; Figs. 6A
and 6B .are sectional views show ng the gap between the termnal end of the
wavegui de and the 15 insulating plate; Fig. 7 is a perspective view _
show ng application of a magnetic field,. FHiggs. 8A and 8B are respectively a
cross-sectional view and an 8B-8B sectional view of an exanple of a 20
conti nuous em ssion excinmer |aser oscillation apparatus having a m crowave
supply device; Figs. 9A, 9B, and 9C are bottomviews of a waveguide 1 in
Figs. 8A and 8B; Figs. 10A and 10B are respectively a

' fluoride to suppress reactions with F*, KrF*, and ArF¥,

as described above.

Wheﬁ the main body of the laser tﬁbe 40 consists

of a metal, easy manufacture is aésured, and cooling
5 efficiency can be impréved. In particular, in order to

prevent changes in optical resonator length due to
changes in temperature, a metal having nearly zero
thermal expansion coefficient is preferably used. In
addition, a metal such as copper or silver having a

10 high electric conductance is preferably formed on the
inner surface of the laser tube by, e.g., plating, to
have a thickness at least larger than the skin depth of
microwaves. |

As a preferred embodiment of the insulating plate

15 : 41, for example, at leést the surface that contacts the
plasma (the surface on the laser tube 40 side) is
coated with a multilayered film (e.g., S8io,, Al,0,, CaF,,
MgF,, LaF, film, or the like), and its uppermost surface
%s formed with a thin fluoride film (e.g., Can, MgF,,

20 LaF,, or other thin fluoride films).

Furthermore, the insulating plate 41 must satisfy
the following conditions for its materials: its
materials have very small losses with respect to
microwaves supplied, are mechanically robust, are

25 insoluble in water, and so on.

The thickness of the insulating plate 41 need only

correspond to integer multiples or substantially



25  cross-sectional view and a 10B-10B sectional view of a continuous
em ssion exciner |aser oscillation apparatus having a m crowave supply

devi ce; - 13 - Figs. 11A and 11B are cross-sectional views of a
continuous enission excimer |aser oscillatjpn apparatus having a m crowave
supply device; Figs. 12A and 12B are cross-sectional views of 5 anot her

conti nuous em ssion excinmer |aser oscillation apparatus having a m crowave
supply device; Fig. 13 is a cross-sectional view of a continuous

integer multiples of half the wavelength (intra-tube
wavelength) of microwaves.
(Microwaves)

In the present invention, microwaves are used as

5 an excitation means of the laser gas. Using the

microwaves, the laser gas can be continuously excited
and continuous emission is feasible.

As a microwave supply source, for example, a
gyrotron (tradename) can be used.

10 The frequency and electric power of the microwaves
can be appropriately determined depending on the
partial pressures of component gases of the laser gas,
and the like. 1In general, the frequency of the
microwaves preferably falls within the range from 1 GHz

15 to 50 GHz, more preferably, 5 to 40 GHz, and most
preferably, 20 to 35 GHz. The electric power of the
microwaves preferably falls within the range from
several hundred W to several kW.

If the frequency, ®, of excitation microwaves is,

20 e.g., 35 GHz, a gas pressure at which the collision
frequency wc of electrons to Ne atoms, which is
determined by the collision sectional area of Ne as the
main'bOdy of a plasma excitation gas to electrons,
equals the excitation microwave frequency, is 160 Torr.

25 In this state, the plasma excitation efficiency
based on identical electric power is highest.

When the gas pressure of Kr/Ne/F, (3%/92%/5%) is



em ssion excinmer |aser oscillation apparatus having a m crowave supply

devi ce; 10

Fig. 14 is a cross-sectional view of a continuous

enm ssion excimer |aser oscillation apparatus having a m crowave supply
device; Figs. 15A and 15B are graphs shqQwiogg changes in beam spot radi us;

15

appar at us;

appar at us;

vicinities

exanpl e of

10

15

20

25

Figs. 16A and 16B are sectional views of a |laser oscillation
Figs. 17A and 17B are sectional views of a |laser oscillation
Figs. 18A, 18B, and 18C are schematic views 20 showi ng t he
of ‘a slot portion; Fig. 19 is a sectional view showi ng an

set at the atmospheric pressure (760 Torr), the

collision frequency is.about 4.5 times the frequency of
excitation microwaves, and electrons collide against Ne
atoms 4.5 times during one cycle of the excitation
frequency.

Accordingly, this state satisfies the Resistive
Plasma condition, and the skin depth determined by the
equation below equals a depth at which plasma
excitation takes place efficiently:

8 = (2/0p,0)1/2
where 0 is the angular frequency of microwaves, j, is
the vacuum magnetic permeability, and o is the
conductivity of the plasma.

When the frequency of the microwaves is 35 GHz,

" .the gas pressure is 160 Torr, and the electron density
is 10* em™3, we have:

o = 2n x 35 x 10° [s™!]

HBo = 4m x 1077 [H/m]

. o = 12.8 [U.m]
Hence, the skin depth is:

& = 750 um

For example, miqrowaves of 35 GHz are induced
using a 5-mm high, 10-cm wide oversize waveguide.

The waveguide porfion and the plasma excitation
portion are hermetically sealed by an insulating plate

of, e.g., Sio,, CaF,, MgF,, or the like. The thickness

of the insulating plate is set at substantially integer



a sl ot waveguide; Figs. 20A and 20B are plan views showi ng an exanpl e of

the slot shape; 25 Figs. 21A and 21B are sectional views of an
excimer |aser oscillation apparatus according to an enbodi nent of the
present invention; - 14 - Figs. 22A ang,g22B are cross-sectional views of

anot her continuous emnission excinmer |aser oscillation apparatus having a
m crowave supply device; Figs. 23A and 23B are sectional views of an

multiples of half the intra-tube wavelength Ag also in
consideration of the dielectric constant of the
insulating plate.

Accordingly, when the frequency of microwaves is

'5' 17.5 GHz, the frequency equals the collision frequency
.at a gas pressure of 80 Torr. If the plasma frequency
is 35 GHz, the electron density at that time is 5 x 103
cm3. When a gas plasma at about the atmospheric
pressure (1 atm) is produéed from a gas pressure of 70

10 to 80 Torr using electric power ranging from 100 W to 1
kW at 35 GHz, F*, KrF¥*, and ArF* having a density on
the order of 10 cm™ can be reliably realized.

Upon supplying microwaves, the surfaces of the
waveguide and insulating plate, which contact the

15 plasma excitation portion, preferably comprise a
reflection-free plate with reépect to a wavelength of
248 nm or the like.
- .Oon the other hand, the gap between the waveguide
qnd the insulating plate may be set at Ag/2, as shown
20 in Fig. 5 or 6A, or Ag, as shown in Fig. 6B.
Alternatively, the gap may be set at 3Ag/2.

Note that the interior of the waveguide is
preferably set in a vacuum state so as to prevent
discharge. If a degreé 6f vacuum of 1('J'l4 Torr or less

25 is assured, discharge can be prevented.
Note that the inner surface of the waveguide 42,

which is in the wvicinity of the contact portion with



5 excimer |aser oscillation apparatus according to another enbodi nent of.
the present invention; Figs. 24A and 24B are respectively a front view and
a side view of a resonator which sets a reflectance of 100% at both ends
using prisms; 10 Figs. 25A, 25B, and 25C are side views show ng

nodi fications of Figs. 24A and 24B; Fig.~ 2 is a schematic view of an

exci mer |aser exposure apparatus; Fig. 27 is a schematic diagram of an

exci mer |aser 15 according to an enbodi nent of the present invention;
Fig. 28 is a graph showing a gain curve in the exciner |aser according to

the embodi ment 'la'ie t]["aesé)xE etstﬁ?et 4(51,Ve;§]£eltoenfably comprises a

reflection-free surface as in the inner surface of the
laser tube 40. This is to prevent light reflected by
the inner surface of the waveguide 42 from returning

5 into the laser tube 40.

Furthermore, an electromagnet or permanent magnet
preferably applies an electric field to achieve stable
discharge, as shown in Fig. 7.

(Microwave Introduction Means)
10 Figs. 8A and 8B to 14 show examples of the
structure of the microwave introduction means.

In the example shown in Figs. 8A and 8B, a
waveguide 1 that constitutes the microwave introduction
means is a slot waveguide having a plurality of slots

15 S. The slot waveguide 1 is connected to the outer
.surface of a laser tube 2 to extend in a direction
parallel to its axial direction. Electromagnetic
radiation (waves) of several GHz to sevéral ten GHz is
introduced from an upper portion of the slot waveguide

20 1, and propagates along the waveguide 1 as a TE;, mode
with an electric field normal to the page.

A large number of elongated slots S are formed on
the lower surface (Figs. 8A and 8B) of the slot
waveguide 1, as shown in.Figs. 9A, 9B, and 9C, and the

25 electromagnetic radiation is emitted outside the
waveguide 1 via the slots S while propagating along the

waveguide 1.



Fig. 29 shows a side view and a front view of an 20 exci mer | aser
oscillation apparatus according to an enbodinent; and Fig. 30 is a
sectional view showi ng the seal structure between a light reflection plate
and a | aser tube (nmetal cylinder) in the cinmer laser oscillation 25

apparatus according to the embodi nment. Fig- 31 is a schematic view show ng
a pulse state. Fig. 32 is a schematic view show ng a real pulse - 15 -
state. :

The electromagnetic radiation emitted from the
slots S is introduced into the laser tube 2 via a
dielectric plate 3, and ionizes a laser gas in the
laser tube 2 to produce a plasma. A magnetic field

5 generator 10 comprises a permanent magnet or
electromagnet for applying a magnetid field in a
direction perpendicular to the laser tube 2. As the
permanent magnet used, an iron-vanadium magnet or
Nd- Fe*B magnet having a strong magnetic force is

10 suitable.

The magnetic field introduced into the laser tube
2 can trap electrons in the plasma to eliminate losses
on the wall surface, and a higher-density plasma can be
obtained. When the magnetic field strength is

15 appropriately selected, a still higher-density plasma
can be obtained.by electron cyclotron resonance.

Of course, when a plasma having a sufficiently
high density is obtained without applying any magnetic
field, the need for the magnetic field generator 10 can

20 be obviated.

Kr, Ne, and F, gases are supplied/exhausted
into/from the laser tube 2 via, e.g., gas inlet ports
8. If the gases need not be exchanged upon generation
of a plasma, since the géses need only be sealed in the

25 laser tube 2, the gas inlet ports 8 are not required.
In the plasma, radicals such as KrF or the like havihg

a lifetime of about 10 nsec are continuously generated,



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The effects of the
present invention will be explained hereinafter together with know edge and
5 enbodi nent s obt ai ned upon achi eving the invention. In the present

i nvention, since continuous enm ssion is_dgge,_ the need for controlling the
relative rel ationship between the scanning nmechanismof the mrror or |ens
and the pul ses can be obviated, and the 10 control of the optical system
can be very sinple. As analyzed by the present inventors, since |ight of
0.1 Wcnferr]-requires an exposure tinme of 0.2 sec and light of 1 Wcnferr]

requires an expesllighit MEgHt GHeh Wy &1 s¥dldteLntoKr HhdVmuf fices in
consi deration of 15 light |osses in the optical system and the service
This light promotes induced emission while travelling
back and forth in an optical resonator formed by an
output-side mirror 5 and a reflection-side mirror 6,

5 and is amplified by induced emission. The output-side
mirror 5 has a reflectance of 90% or higher, and light
transmitted through this output-side mirror is
externally output as a laser beam.

In the example shown in Figs. 8A and 8B, an
10 aluminum alloy can be used as the material of the laser
tube main body. In order to improve efficiency, a
dielectric multilayered film is formed on the inner
surfaces of the laser main body and the dielectric
plate 3, so the reflectance at the oscillétor length is
15 zero (reflection-free). |
In order to cool the laSer_tube 2 and the
waveguide 1, a refrigerant such as cooling water, air,
- an N, gas, or the like can be supplied between a
;efrigerant chamber 7 having a cooling water inlet port
20 9, and these members. The slot waveguide 1 can be set
in a vacuum state to prevent discharge therein.
Figs. 9A, 9B, and 9C are bottom views of the slot
waveguide 1. |
In Fig. 9A, slots S pointing in a direction
25 perpendicular to the axis of the waveguide 1 are
arranged at intervals equal to the wavelength of

electromagnetic radiation in the waveguide 1. The



life of the lens material and its surface can be prol onged. Furthernore,
the following effects are attained. First, damages to the optical materi al
such as 20 gl ass are reduced. A nornal excimer |aser such as a KrF
l'aser, ArF laser, or the |ike produces pubse _em ssions as short as 10 to 20
nsec, while the repeating frequency of the pulse is about 1,000 Hz.
Accordingly, the peak light intensity of this pulse is 25 10, 000 tines
or nore that obtained by continuous em ssion at an identical intensity
regardl ess of the efficiency of the optical system The major cause of

individual slots emit in-phase, linearly polarized
electromagnetic waves, which are polarized in the axial
direction of the waveguide.

In Fig. 9B, slots tilted 45° from the axis of the

5 waveguide are arranged at intervals equal to the
wavelength of electromagnetic radiation in the
waveguide. The individual slots emit in-phase,
linearly polarized electromagnetic waves, which are
polarized in a direction tilted 45° with respect to the

10 ‘axial direction of the waveguide.

In Fig. 9C, pairs of orthogonal slots which are
tilted 45° from the axis of the waveguide are arranged
at intervals equal to the wavelength of electromagnetic
radiation in the waveguide. The.individual slots emit

15 in-phase, circularly polarized electromagnetic waves.
The length of these slots is determined in
correspondence with the electromagnetic radiation
~intensity distributien in the waveguide, so that the
intensities of electromagnetic waves emifted from the
20 individual slots nearly equal each other. The angle of
the slots and the interval between adjacent slots are
not limited to those described above.

In the structure shown in Figs. 10A and 10B,
electromagnetic radiation of several GHz to several ten

25 GHz is-introduced from the upper portion of a tapered
waveguide 11, is diverged by a tapered portion, and is

then introduced into the laser tube 2 via the



- 16 - damages to the material in the excimer region lies in two-photon
absorption, and optical damages in the existing exciner |aser which is
proportional to the square of the peak intensity of light is at |east 108 5
times stricter than those in continuous emgsion. The durability of the

gl ass material poses a problemin the ArF region for the above-nentioned
reasons. Hence, realization of a continuous em ssion |ight source can sol ve
material problens in the ultraviolet region as 10 well as the ArF

regi on. Second, production of speckles as a phenonenon inherent to light in
a narrow band cafebectinst! plate 3. In the example shown in Figs. 10A

and 10B, electromagnetic radiation propagates as a TE,,
mode with an electric field parallel to the page, near
lthe electromagnetic radiation introduction portion of

5 the tapered waveguide 11. Alternatively, the electric
field may be normal to the page. Other arrangements
are the same as those shown in Figs. 8A and 8B.

Figs. 11A and 11B, and Figs. 12A and 12B show

examples wherein microwaves are introduced as surface

10 waves. In the structure shown in Figs. 11A and 11B,
electromagnetic rédiation of several GHz to several ten
GHz is introduced from an upper portion of a waveguide
12 with a gap, which uses a cylindrical induction tube,
and propagates in the tube as a TE1lO mode with an

15 électric field parallel to the page. An electric f;eld
in the tube axis direction of an induction tube 14 is
applied from a gap portion of the waveguide 12 with the
gap. The introduced microwaves become surface waves
Which propagate from the gap portion in the right and

20 left tube axis directions in the induction tube 14.
Electrons in the plasma are accelerated by this surface
wave electric field, thus maintaining a high-density
plasma.

Since surface wavés'which attenuate slowly and

25 have an identical mode propagate from the central

portion of the laser tube, no local intensity

distribution of the microwave electric field is formed.



suppressed. In case of pulse emssion, in order to effectively renove
speckl es as randominterference 15 fringes, the light em ssion timngs
of the individual pulses and a known speckl e renoval neans nust be
synchroni zed with high precision. In contrast to this, continuous
oscillation does not require any special'é@idﬁronization means, and
speckl es can be easily 20 renmoved by a known, sinple neans such as a
rotary diffusion plate. For this reason, the arrangenent of the opti cal
system can be sinplified, and a cost reduction can be effectively attained.

Third, exposurepaiBHain§PPt'inté €AS¥orMVETadna exdi4EELR €XRESUr e such
as pulse emssion is perfornmed, the mninmumunit in exposure anount control
basical ly place on the plasma surface, a high-density plasma can
be efficiently generated. Since the microwave electric
field need only be applied to the gap portion alone,

5 the microwave circuit is very simple. This plasma
‘generation method is most suitable for oscillating a
thin laser since a long, high-density plasma which is
as thin as several mm can be efficiently generated. 1In
the example shown in Figs. 11A and 11B, the induction

10 tube 14 consists of CaF,. A movable short-circuiting
plate 13 is arranged to suppress reflection to an
electromagnetic radiation generator by adjusting the
short~circuiting position, but need not be movable.
When the frequency of electromagnetic radiation is high

15 and the waveguide has a sufficiently small size, the
gap portion of the waveguide is not required. The
magnetic field generator 10 comprises a permanent
magnet or electromagnet, and generafes a magnetic field
in the tube axis direction of the induction tube 14.

20 Other arrangements are fhe same as those in Figs. 8A
and 8B.

Figs. 12A and 12B show an example wherein an
induction plate 1l4a is used. Thié structure is the
samé as that using a cflindrical induction tube in

25 principle, and is suitable for generating a wide, thin

-plasma. Since the portion below the plasma does not

contribute to plasma generation, a high-speed gas flow



depends on the nunber of pulses although it also - 17 - depends on the
controllability of the exposure anount per pulse. Wen exposure is attained
by a total of 100 pul ses, the next unit is 99 pul ses or 101 pul ses, and the
control precision is 1% C course, varioOus means 5 for controlling the
| ast one pul se have been proposed, but finer exposure anount control free
fromany resolution owing to discreteness is preferable for controllability
or control. As the line width decreases, stricter exposure anount control
IS :
in a direction perpendicular to the laser tube axis is
easy to obtain in this portion.
In the structure shown in Fig. 13, electromagnetic
radiation of several GHz to several ten GHz is
5 introduced from an upper portion of a coaxial
conversion waveguide 16, and propagates in the tube as
a TE1O0 mode with an electric field parallel to the
page. This electromagnetic radiation propagates while
changing its mode to electromagnetic radiation in the
10 right-and-left directions, that propagates between a
shield plate 15 and the plasma in the induction tube
14. A high-density plasma is generated by RF currents
that flow on the plasma surface. Other arrangements
are the same as those shown in Figs. 8A and 8B to 12A
15 and 12B.
In the structure shown in Fig. 14, electromagnetic
radiation of several GHz to several ten GHz is
introduced from the upper portion of the coaxial
conversion waveguide 16, and propagates in the tube as
20 a TElmode with an electric field parallel to the page.
This electromagnetic radiation propagates while
changing its mode to electromagnetic radiation in the
right direction, that propagates between the shield
plate 15 and the plasmé in the induction tube 14.
25 Other arrangements are the same as those in Fig. 13.

(Shape of Microwave Introduction Means etc.)

In a stable resonator, a certain permanent mode is



10

hence,

i nner

- required. Under such circunstances, the effect of the continuous
em ssion |light source is tremendous. As described above, conventionally,
is inpossible for an exci nmer

. fast-rise-tine pul se excitation nust be perforned.
i nvention,

sur face

10

15

20

25

It

| aser to attain continuous em ssion since the
energy levels in the exciner state 15 ve a short lifetine and atons
cannot be mai ntained at the excited | evel for a certain period of time and,
In the present

_ the inner surface of a 20 | aser chanber for storing a | aser
gas is made up of a reflection-free surface with respect to |ight having

desired wavel e

gg%}%éu%@sa 28 Ravihy ¥he adith st Beal SsgR WY t he

e 1 aser
is the TEMOO mode (fundamental mode) having a Gaussian

distribution. In order to build a resonator, a space
that can propagate at least the fundamental mode
without any losses is required. The beam spot radius
of the fundamental mode is defined by the wavelength of
the laser beam, the length of the resonator, and the
radius of curvature of the mirror of the resonator, and
can be expressed using L: the resonator length, R: the
radius of curvature of the mirror, and a g parameter (g
=1 - L/R), as shown in Fig. 15A.

Fig. 15B shows the calculation result of the 1l/e?
beam spot radius of the fundamental mode on the mirror
(resonator end portion) of a symmetrical stable
iesonator while assuming the resonator length L = 200
mm. The abscissa plots the g parameter.

As shown in Figs. 15A and 15B, the beam spot

- radius changes in the optical axis direction.

Therefore, when a stable resonator is used, a problem

arises: a high-gain region, i.e., a region with a high

plasma density immediately below the microwave
introduction portion of the laser chamber is not
included in the optical path.

To solve this problem, when the microwave
introduction means.on the laser chamber side is
deformed to have a shape corresponding to the beam spot

radius, the high-gain region, i.e., the region with a



chamber is made up of the reflection-free surface is to 25 prevent
spont aneously emtted |ight frombeing reflected by the inner surface of
the | aser chanber and returning to the gas to transit KrF* or ArF* fromthe

- 18 - excited state to the ground state. te that the reflection-free
surface need not always have a 100%transmttance or absorbency but may
have a certain reflectance. In this case, the 5 refl ectance is

preferably 50% or |ess, nore preferably, 20% or |ess, and nost preferably,
5% or |ess. That is, .

high plasma density immediately below the microwave
introduction portion of the laser chamber can be
included in the optical path.
Fig. 16A shows this example. In Fig. 16A, a laser
5 oscillation apparatus comprises a laser 301, a
-dielectric plate 302, a slot plate 303, an optical axis
350, reflection mirrors 6, a powder 304, a laser
chamber 305, and cooling water 307. 1In Fig. 16A, the
'microwave introduction means is made up of a waveguide
10 consisting of an introduction portion 300 and the slot
plate 303 having slots (not shown in Figs. 16A and
16B), and the dielectric plate 302. The distance
between the dielectric plate 302 and the optical axis
350 of the resonator is changed in correspondence with
15 éhanges, in the direction of the optical axis 350, in
beam spot radius in a direction perpendicular to the
optical axis 350. More specifically, the distance-
between the dielectric plate 302 and the beam outer
periphery is made constant. Note that the powder 304
20 (e.g., AlN) is filled in the waveguide to facilitate
introduction of microwéves and to attain a size
reduction of the waveguide.
When the shape of the dielectric plate 302 on the
laser chamber 305 side ié defined not by a plane but by
25 a curved surface, as shown in Fig. 16A, the laser gas.
flow is disturbed (turbulent flow), resulting in

diffraction losses. To avoid this, as shown in



the refl ectance may be appropriately selected so that a uniform | aser beam
can be obtai ned upon connecting to an actual apparatus. 10

Furthernore, in order to prevent F2 from decreasing in anmount due to
reaction with the | aser chanber, the inner,surface of the |aser chanber is
made up of a fluoride. In particular, t e 3%hner surface of the |aser
chanber is obtained by formng an FeF2 | ayer on a 15 st ai nl ess st eel
surface which is stable with respect to F2, by plating nickel on a netal
and formng an NiF[err] layer on the surface of the nickel plating |ayer,

or by form ng %fé_er#l;’an Mf%férﬂ,lééé/egrﬁeéﬁ’safb.@' SHAPLNG atheYladart he
present invention, the reflectance of a 20 reflection mrror on the
output side is §8& £ioW0?A€6 a laminar flow) 306 is preferably
arranged at the laser gas inlet port. This plate can
form the laser gas flow into a uniform laminar flow.
5 The baffle plate 306 also has a function of
‘confining the generated plasma in the laser chamber
305. Note that another baffle plate may be arranged at
the downstream side to obtain such function.
The laminar flow can be easily realized using the
10 baffle plate 306 which has a conductance smaller than
that in the laser chamber.
As the baffle plate, a honeycomb plate or a plate
with many slits is preferably used.
Near the center of the laser chamber the slits are
-15 ﬁreferably formed at higher density than those formed
at the peripheral portion, since the gas can be
uniformly flowed at high speed.
At least the su:face of the rectification plate
306 consists of a fluoride such as AlF,, MgF,, or the
20 like.
Figs. 16A and 16B show a case wherein a single
microwave introduction means is arranged.
Alternatively, as shown in Figs. 17A and 17B, two
microwave introduction méans méy be arranged to be
25 symmetrical about the optical axis 350. When the two
means are symmetrically arranged, a gain can be

obtained twice as much as compared to that obtained by



nore. In the arrangenent- of a normal resonator, a 100% reflectance is set
on one side, while a reflectance of about 10%is set on the output side. 25
The | aser gas conposition of the conventional KrF* exciner |aser is as
follows. Kr/Ne/F[err] = less than 1%: 98%_.: |ess than 1% -19- The F2
concentration is as |ow as 1%or |ess. I'f 40h& F2 concentration is too nuch,
el ectrons are absorbed by F and becone anions, resulting in unstable

the single means.

Note that the technique for deforming the shape of
the microwave introduction means on the laser chamber
side in cbrrespondence with the beam outer peripheral

5 shape is particularly effective in a continuous
emission excimer laser oscillation apparatus, and can
also be applied to other laser oscillation apparatuses
that generate a plasma by introducing microwaves.

On the other hand, when the microwave introduction

10 means is constituted by the waveguide consisting of the
introduction portion 300 and the slot plate 303, and
the dielectric plate 302, the dielectric plate 302
requires a complicated working/attachment process.
Also, in terms of easy working/attachment, the

15 aielectric plate 302 must be thick to some extent.

When a dielectric plate 410 is thick, as shown in
Fig. 18A, microwaves diverge in a laser chamber 430.
Accordingly, large electric power is required to obtain
a dense plasma. Fig. 18B shows a case wherein the

20 dielectric plate 410 is thinner than that in Fig. 18A,
and the divergence of microwaves is smaller than that
in Fig. 18A.

To avoid such problem, in the present invention,
dielectric members are'pfeferably buried in slots 530

25 of a slot waveguide 500 without using any dielectric
plate, as shown in Fig. 19. When no dielectric plate

is used in this manner, microwaves having a very small



di scharge. On the other hand, the pressure is set at 3 5 to 4 atm Such
pressure is set to conpensate for a low F2 concentration and to produce
Kr F* as much as possible. An output of about 10 Wsuffices continuous

em ssion. An allowable gain [err] will be gstimted bel ow. -10 [err]
Laser Beam Intensity in Resonator Mst Upger-1evel exciners vani sh by
collision unless the | aser operates at an intensity as high as about a
saturated intensity Is. The saturated intensity is an intensity at which a

?air g becones 1/2 15 a snall-signal gain g[err], and is obtained as
ollows in the | @siin ( r ta ; Devel opnent
and Applied Techni ques/eﬁExarré]:%r m?%:sl ner n @Wé‘ A 2 &

result, a plasma hav1ng a higher density than that

obtained by inputting identical microwave electric

power can be excited, and the gain of the laser can be
5 increased. | -

As the slot shape, a rectangular shape whose long
side extends in the optical axis direction is -
preferable, as shown in Figs. 20A and 20B.

A single, continuous rectangle may be formed

10 (Fig. 20B), but rectangles are preferably formed
_ intermittently.

When the long side of each rectangle is set
parallel to the optical axis direction, a narrow plasma
can be excited. As a result, a plasma having a higher

15 density than that obtained by inputting identical
microwave electric power can be excited, and the gain
of the laser can be increased.

(Supply Mode of Laser Gas)

Figs. 21A and 21B show an excimer laser

20 oscillation apparatus according to another embodiment
of the present invention. The microwave introduction
method and arrangement are the same as those in the
excimer laser oscillation apparatus shown in Figs. 8A
and 8B, and microwaves génerated by a gyrotron as a

25 microwave power supply (not shown) are introduced into
a laser tube 2 via a rectangular waveguide 1 and a slot

plate 3.



Laser"): Is = hv/[err] 20 = 1.3 MNcnferr] h: Planck constant
6.63 x 10[err] J.s v: frequency 3 x 10[err]/0.248 x 10[err] = 1. 2 X

10[err] [err]: induced enm ssion sectional area 2 x 10[err] cnjerr] [err]:
upper-level lifetine 3 ns 25 - 44 ncluding deexcitation due to
collision) The upper-level lifetinme [err] can be increased to a maxi mum of
an emssion lifetine (that in free space). - 20 -

On the other hand, in the apparatus described
above with reference to Figs. 8A and 8B, the laser gas
can be supplied from one end portion of the laser tube
in the longitudinal direction, and can be exhausted

.5 from the other end portion in the longitudinal
direction. In contraét to this, in the excimer laser
oscillation apparatus of this embodiment, elongated
holes are formed along the longitudinal direction of
the laser tube 2, and are used as laser gas outlet

10 ports 22. With this arrangément, the laser gas
supplied from an inlet port 21 is exhausted from the
outlet ports 22 on both sides via the discharge space
in the laser tube.

In order to stably obtain a continuously emittgd

15 éxcimer laser beam, a thin beam should be formed. For
example, in order to obtain an output of 1 kW by a.
laser beam intensity of 1.3 MW/cmz, a plasma need only
be obtained within a region having a diameter of about
0.3 mm. Since the above-mentioned apparatus shown in

20 Figs. 21A and 21B can concentratively generate a plasma
in such narrow region, a thin, continuously emitted
excimer laser beam can be obtained.

At this time, the reflectance of a mirror 6 is
preferably set at 100%; énd that of a mirror on the

25 output side is preferably set at 99%.

In order to stably obtain a continuously emitted

excimer laser beam, a state wherein fluorine molecules



The lifetinme in this case is 6.7 ns, and the saturated intensity Is is: Is
= 0.6 MNVNcnferr] [err]Laser Taking Qut Efficiency 5 This efficiency
is given by the ratio of the nunber of photons taken out per unit vol une
per second to the nunber of excinmers prod d. The | aser taking out
‘efficiency [err]ex is obtained by: [err]ex="7(1/1s)(1 - (1 +1/1s) -
[err]/g[err]) 10 |: laser beamintensity Is: saturated intensity
[err]: unsaturated absorption coefficient g[err]: small-signal gain Since
[err] > 0, the followi ng relation holds:

(F,) and fluorine ions (F") exist in the discharge space
to be able to sufficiently form excimers (KrF*) must be
set. For this purpose, it is preferable that a large
amount of fresh fluorine gas (F,) be supplied into the
5 discharge space at high speed, and fluorine atoms (F)
that return to the ground state after laser beam
emission be exhausted from the discharge space.
In this embodiment, in order to attain high-speed
circulation/subétitution of the laser gas, laser gas

10 inlet and outlet ports are formed, so that a fresh
laser gas is supplied from a direction perpendicular to
the longitudinal direction of the laser tube (the
longitudinal direction of the discharge space), and the
used laser gas is exhausted from that direction.

15 | Such high-speed circulation of the gas also has an
effect of cooling the laser tube since the gas and
plasma present in the discharge space are substituted

~at high speed.
Figs. 22A and 22B show the structure that can

20 realize further high-speed circulation of the laser
gas. As shown in Fig. 22B, the gas flow portion in the
discharge space is narrower than a gas inlet port 23
and a gas outlet port 24, and as a consequence,
high-speed gas circulatién/subsfitution is attained in

25 the discharge space.

As for the layout of magnets 10 that confine a

plasma in a narrow region, the present invention is not



15 [err]ex < (I/1s)/ (12 + 1/1s) Wen the |aser beamintensity | is
equal to or smaller than Is, |aser oscillation has poor efficiency. For

exanpl e, when the | aser beamintensity | in the resonator is 500 Wcnferr],
the efficiency [err]ex is: 20 [er4 = 1/ 2600 or less (the |aser
taking out efficiency [err]ex is very snal4) “Accordingly, in order to
attain efficient |laser oscillation, a saturated intensity of about 1.3
MNcnierr] 25 is required. The preferred enbodi nents of the present
invention will be described bel ow.

limited to the specific layout shown in Figs. 21A and
21B, in which the magnets are arranged to generate
lines of magnetic force in a direction to cross the
longitudinal direction of the laser tube. For example,

5 the magnets may be arranged to generate lines of
magnetic force along the longitudinal direction of the
laser tube.

Figs. 23A and 23B show an excimer laser
oscillation apparatus according to still another

16 embodiment of the present invention.

The microwave introduction method and arrangement
are the same as those in the excimer laser oscillation
apparatus shown in figs. 11A and 11B, and microwaves
.generated by a gyrotron as a microwave power supply

15 (not shown) are introduced into a laser tube 14 via a
rectangular waveguide 12 and a gap. The microwaves
propagate along the ﬁall of the laser tube in the

- longitudinal direction to cause dischafge in the laser
tube 14, thereby generating a laser gas_plasma.

20 The laser gas. supply method of the apparatus shown
in Figs. 23A and 23B is different from that of the
apparatus shown in Figs. 11A and 11B.

In the apparatus shown in Figs. 11A and 11B, a
laser gas is supplied frdm one end portion of the laser

25 tube in the longitudinal direction to form a gas flow
along the longitudinal direction. On the contrary, in

the apparatus shown in Figs. 23A and 23B, two elongated



- 21 - (Laser Gas) In the present invention, the |laser gas as a | aser

medi um consi sts of a gas mxture of at |east one inert gas selected from
the group consisting of Kr, Ar, and 5 Ne, and F2 gas. O these gases,

di fferent gases can be appropriately coth ed in correspondence with the
wavel ength to be used. For exanple, when t%e wavel ength is 248 nm a

conbi nation of Kr/Ne/F2 is used; 10 when 193 nm Ar/Ne/F[err]; when 157
nm Ne/F[err]. In the present invention, it is preferable to

holes are formed on the side walls of the laser tube so
that their longitudinal direction agrees with that of
the laser tube, and a laser gas is supplied from one
hole and is exhausted from the other hole.

5 With this arrangement, the laser gas flows in the
laser tube to cross the longitudinal direction of the
laser tube. In this embodiment as well, since the gas
and/or plasma in the discharge space can be substituted
at high speed, excimers can be stably generated in the

10 discharge space. Also, an effect of cooling the laser
tube is expected.
The above-mentioned gas supply/exhaust method can
be applied to all the above-mentioned apparatuses.
Upon supplying the laser gas, the pressure at the
15 inlet port is preferably set at 1.2 to 1.8 times that

| at the outlet port, and more preferably, 1.2 to 1.5

times.
: When the pressure at the inlet port is set at 1.2

times or more that at the outlet port,lthe laser gas

20 that passes through the laser chamber undergoes volume
expansion, and cools the plasma excitation portion. On
the other hand, when the pressure at the inlet port is
set af 1.8 times or more that at the outlet port, the
pressure difference bedoﬁes too large, and the pressure

25 distribution offset in the laser chamber becomes large.
(Cooling)

Since a laser beam of about 10 W is obtained by



continuously supply the laser gas into the |aser chanber. Fig. 1 shows an
exanpl e of the |l aser gas supply systemthat can attain such gas supply. 15
In Fig. 1, gas inlet ports 2la and 21b are forned at both ends of a | aser
- chanber 20, and a gas outlet port 22 is fqi d at substantially the center
of the laser chanber 20. Note that the gas outlet port may be connected to
a vacuum punp or the like as needed. The 20 | aser gas is supplied from
the gas inlet ports 2la and 21b at both ends at equal flow rates, and is
exhausted fromthe gas outlet port 22 fornmed at substantially the center of

the chaber. =T etoqaRoniy S SHGHaies Lot Bkt L6@ WoEYeE kip, paOtect the
ght 25

surface of a |i eflection plate on the output end. Mre
specifically, considerable amount of heat is produced. Since the

wavelength changes if thermal expansion occurs, precise
éooling is required. It is preferable that this

5 portion use a metal free from any thermal expansion,
-and copper or silver plating be formed on its inner
surface.

The reason why the plasma excitation portion is
made up of a metal is to improve the cooling

10 efficiency. Water cooling is attained while
controlling the cooling water temperature, cooling
water flow rate, and codling water pressure. For
example, cooling is preferably performed by a cooling
device shown in Fig. 29. When cooling water is

15 deaerated and the water supply pressure is set at about
1 kg/cm?, conveniently no vibration is generated upon
supplying cooling wafer with pressure.

{Resonator)

When a pair of reflection mirrors are arranged on

20 the optical axis of the laser tube, a laser beam'can be
taken out by indnced emission.

When a continuously emitted excimer laser beam is
obtained by maintaining the light intensity at a given
level while decreasing.tne beam spot size, as will be

25 described later, it is preferablé that the reflectance
of one reflection mirror be set at 100% and that of the

output-side reflection mirror from which a laser beam



since the uppernost surface of the light reflection plate is coated wth a
thin filmof, e.g., a fluoride - 22 - film it never reacts with F2 and
F*. On the other hand, the gas inlet ports 2la and 21b, and the gas outl et
port 22 preferably have a slit-like shape j5h the direction m crowave
currents flow 5 Al'so, in Fig. T, %ZhVes 25a, 25b, 26, 27a, and 27b
are respectively connected to the ports 2l1a, 21b, and 22. \Wen the | aser
ga; isdinitially supplied, the valves 25a and 27a are cl osed and the val ves
Sb an :

is taken out be set at 99.0%.

On the other hand, when the light intensity is
maintained by extremely eliminating losses in the
resonator, the reflectance of one reflection mirror is

5 preferably set at 100%, and that of the output-side
reflection mirror is preferably set at 99.5% or higher,
and more preferably, 99.9% or higher.

Figs. 24A and 24B show the arrangement of a
resonator in which reflectances at both ends become

10 100% using prisms. The incident angles to total
reflection prisms 202 and 203 are Brewster angles, and
no light amount losses are produced upon incidence of
light. Reflection inside the total reflecfion prisms
202 and 203 utilizes total reflection, and no light

15 iosses occur upon reflection, either; Accordingly, the
reflectances at both ends of the resonator become 100%.
The reflectance of outgoing light can be set within the

- range from 0% to several % by adjusting the incident
angle on an outgoing light taking out plate 204

20 arranged between a laser tube 201 and the total
reflection prism 203.

In the example shown in Figs. 24A and 24B, since
right and left propagating waves are reflected at two
positions each on both surfaces of the outgoing light

25 taking out plate, the numbe; of outgoing beams is as

| many as 8. Since these outgoing beams must be

processed, the apparatus becomes complicated. In order



27b are opened to purge the interior of pipes from 10 | aser gas sources
to the vicinities of the valves 25a and 27a. After pipe purging, the valves
25a and 27b are closed, and the valve 26 is opened to supply the | aser gas
into the | aser chanber 20. Once the interigr of the |aser chanber 20 is
purged, the | aser gas 15 conti nues td‘ﬁB{§Upplied to start |aser
oscillation. O course, if purging or the like is not required, the valves
need not be arranged. In Fig. 1, mass flow controllers (M-Cs) or pressure
flow controllers (PFCs) 28 control the flowrates. In the present

nvention, 20 +o UGnRECSRL St ! 8! Sutgbid Uderd dii €9TPRGERL! O the

PFCs 28. In the present I nvention, to o abl e
the apparatus from being complicated, modifications

shown in Figs. 25A, 25B, and 25C may be used.
In the modification shown in Fig. 25A, two
5 outgoing beam taking out plates a and b are arranged in
correspondence with beams in the resonator, and one
plate b is set at the Brewster angle. Since beams in
the resonator are linearly polarized, the outgoing
taking out plafe b set at the Brewster angle does not

10 produce any reflected light. Therefore, the number of
outgoing beams is 4. The reason why the outgoing light
taking out plate b is arranged is to correct the
positional shift of beams caused by the outgoing light
taking out plate b.

15 - | In the modification shown in Fig. 25B, outgoing
light is taken out using diffraction of beams in the
resonator. An output mirror is arranged to contact one
of beams in the resonator, and one or both surfaces
thereof are high-reflection coated. Diffraction light

20 piercingly coming to the output mirror is reflected by
the high-reflectance coat surface, and becomes an |
outgoing beam. The number of outgoing beams is 2.

In the modification shown in Fig. 25C, outgoing
light is taken out by ﬁtilizing evanescent waves. An

25 .e§anescent wave taking out prism is arranged to face
the total reflection surface of the total reflection

prism 202 or 203 to be separated by an interval nearly



continuous oscillation, the F[err] concentration in the |aser gas falls

within the range fromO0.1 atomc %to 6 25 atomc % and preferably
falls within the range from1l to 6 atomic % Mre preferably, the F2
concentration falls within the range fron1f-to 6 atomc % - 23 - The

| aser gas pressure preferably falls within e range from 10 Torr to 1 atm
and nore preferably, 50 Torr to 1 atm That is, in the present invention,

st abl e di scharge can be obtained even at such low 5 pressure, and stable
conti nuous oscillation and

equal to the wavelength, thereby taking out leaked
light (i.e., evanescent waves) as outgoing light. The
number of outgoing beams is 2.
(Exposure Apparatus)

5 Fig. 26 shows an eprsure apparatus using an
-excimer laser oscillation apparatus.

Light output from an oscillation apparatus Al is
supplied to a scanning optical system via a mirror and
a lens A2,

10 The scanning optical system has a scanning lens A4
and a scanning mirror A3 whose angle can be changed.
Light output from the scanning optical system is
irradiated onto a reticle A6 having a mask pattern via
a condenser lens A5. The illumination optical system

15 éf the exposure apparatus has the above-mentioned
arrangement.

Light having a density distribution corresponding
to the predetermined mask pattern on the reticle A6 is
imaged on a wafer A8 placed on a stage A9 by an imaging

20 optical system having an objective lens 7, and a latent
image corresponding to the mask pattern is formed on a
photosensiti&e resist on the surface of the wafer AS.

As described above, the exposure apparatus shown
in Fig. 26 comprises the.excimer laser oscillation

25 apparatus Al, the illumination optical sjstem, the
imaging optical system, and the stage A9 that holds the

wafer AS8.



continuous em ssion can be obtained. In the conventional art, the |ase
pressure falls within the range from3 to 4 atm In the conventional a
when the F2 concentration is raised, since F2 beconmes Flerr] 10 and
el ectrons vanish to result in unstable discharge, the F2 concentrati on nust

be inevitably set at 1% or less (still 10 Than that in practice), and
the pressure nust be inevitably set at 3 to 4 atmto conpensate for such

| ow concentration. However, in the 15 present invention, stable
di scharge i s obtained by m crowaves even when the F2 concentration is

rai sed and,

urse, the pressure may eased | f

need be increasgd,fR} is arranged between the oscillation apparatus Al

10

15

20

25

and the scanning optical system. Also, the oscillation
appafatus Al itself is of pulse oscillation type.
(Output Method Example of Exposure Apparatus)

In order to turn on/off the use of outgoing light
of the continuous emission excimer laser, the following
methods may be used.

(1) A cutoff means is arranged outside the

~ excimer laser device.

(2) The continuous excitation means is turned
on/off.
However, in method (1), since an excimer laser

outputs Deep UV light, and the output is higher than

'those of other lasers, the cutoff means is considerably

damaged, and the service life of the cutoff means is

short. The service life of a cutoff means that uses an

- A0 (acoustooptic) element having high response

qhafacteristics is particularly short. Even when the
outgoing light is cut off, since oscillation continues
inside the laser, the optical system in the laser is
unwantedly damaged, and its service life is shortened.
In method (2), in order to form a stable excited
state, a certain period 6f time is required. For this
reason, desired continuous oscillation light cannot be
obtained immediately after the continuous excitation

means is turned on.
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20 sonme reason. Fig. 2 shows reaction fornulas and reactions that take
place in a |laser tube of a KrF excinmer laser. In Fig. 2, reaction (3)
shoul d be noted. As can be seen from (3), F[err] and F[err] are required to

produce KrF* 25 excimers. On the other_hand, as can be seen from(4),
excinmers that have emitted |ight di ssociat®'into rare gas atonms (Kr) and
hal ogen atons (F) in the ground - 24 - state but never becone F[err] or

Flerr] directly required for KrF* exciner production.

The present invention will be described in detail
below with the aid of the illustrated embodiment.
Fig. 27 is a schematic diagram of a continuous
oscillation excimer laser according to the present
5 invention. The excimer laser comprises a laser chamber
‘101 in which Kr, Ne, and F, gases are sealed, an output
mirror 102 for outputting light from the laser, a
dielectric member 103 for introducing microwaves into
the ;aser chamber, a slot waveguide 104 for guiding
10 microwaves, and a microwave generator 105 for supplying
microwaves. A wavelength selection unit 106 selects
the oscillation wavelength, and is made up of a
magnifying prism 106-1 which consists of a pair of
brisms and magnifies the beam spot size, and a
15 diffraction grating 106-2 for extracting an arbitrary
wavelength. A spatial filter 107 is arranged at the
focal point position of the laser-side lens of a beam
- shaping optical system 108 consisting of a pair of
lenses, and controls the divergence angle of outgoing
20 light from the laser. A shutter 109 is arranged
between the laser chamber and the output mirror. A
control system 110 controls the wavelength selection
unit 106, the microwave generator 105, and the shutter
109. |
25 Note that the output mirror 102 and the
diffraction grating 106-2 make up a resonator of the

excimer laser.



In addition, reaction (5) in which hal ogen atons (F) produce hal ogen

nol ecules (F2) is very slow. 5 From the above findings, it is

i mportant to substitute hal ogen atons that have emitted light in a

di scharge space and have returned to the qigund state with hal ogen ions
(F[err]) and hal ogen nol ecules (F[err]). ser Tube) 10 A | aser
tube 40 (Figs. 3A 3B, and 3C and Figs. 4A and 4B) is a tube that nakes up
t he | aser. chanber, and has a w ndow portion 44 for introducing m crowaves.
The | aser tube 40 is connected to a waveguide 42 at its w ndow portion 44

side. The |nter(g@segiégfoﬁaéfroégpgtgén 40 and that of the waveguide 42
are sealed, and the seal is provided by arranging an insulating plate 41 on
Microwaves supplied from the microwave generator
105 are guided by the slot waveguide 104, and
continuously excite an excimer laser gas in the laser
5 chamber 101 via the dielectric member 103. Light from

the excited excimer laser gas enters the diffraction

grating 106-2 via the magnifying prism 106-1. Only

light in a predetermined wavelength region returns from

the diffraction grating to the laser chamber 101 via

10 the magnifying prism 106-1, and brings about induced
excitation emission by the excited excimer laser gas.
The light is sequentially subjected to induced emission
while travelling back and forth in the optical
resonator made up of the output mirror 102 and the

15 diffraction grating 106-2, and only the light in the
predetermined wavelength region selected by the
diffraction grating is amplified. Some light

- components of the sensitized light are output via the
output mirror 102.

20 The operation for turning on/off the use of
outgoing light from the continuous oscillation excimer
laser will be explained below.

When outgoing light from the continuous
oscillation excimer laéer is cut off, the control

25 system 110 closes the shutter 109 to cut off light .
coming from the excimer laser gas to the output mirror

102 while continuously supplying microwaves. Light



t he wi ndow portion 44 of the |aser tube 40. The insulating plate 41 wll be
described later. The sectional shape of the terminal end of a 20 pl asnma
excitation portion, i.e., the sectional shape of the |laser tube 40 that
makes up the | aser chanber can be a nearly_sem -cylindrical shape (or

sem -elliptic shape) (Fig. 3A), a cyIind?i%iY'shape (Fig. 3B), an elliptic
shape (Fig. 3C), and the |ike, as shown in 25 Figs. 3A, 3B, and 3C
Furthernore, an elliptic shape shown in Fig. 4A is nore preferable. The

m nor axis direction of this

which has been oscillating in the optical resonator
ceases to oscillafe, and outgoing light from the
continuous oscillation excimer laser can be immediately
cut off.

5 | When outgoing light from the continuous
oscillation excimer laser is used again, the control
system 110 opens the shutter 109 to allow light coming
from the excimer laser gas to reach the output mirror
102, while continuously supplying microwaves. Light

10 spontaneously emitted by the excimer laser gas
immediately stably oscillates in the optical resonator,
and stable outgoing light can be obtained from the
continuous Qscillation excimer laser with high response
characteristics.

15 Another operation for turning on/off the use of
outgoing light from the continuous oscillation excimer
laser will be explained below.

When outgoing light from the continuous
oscillation excimer laser is cut off, the control

20 system 110 pivots the diffraction grating 106-2 while
continuously supplying microwaves. With this
operation, light in the predetermined wavelength region .
selected by the_diffraction grating is changed, and
only light in the changed wavelength region returns to

25 the laser chamber 101 wvia the magnifying prism 106-1.
At this time, since the changed wavelength region is

difference from the wavelength in the oscillation



- 25 - ellipse agrees with the introduction direction of mcrowaves. Hence,

in the case of the

sectional shape shown in Fig. 4A, mcrowaves can be

uniformy introduced into the |laser gas as the laser nediumin 5 t he

| aser tube. Al so,

a | aser beam having a higher density per unit area can

be obtained, and can be externally output. Furthernore, the w ndow portion
44 of the laser tube 40 may be tapered wi der toward the | aser tube 40 10
side, as shown in Fig. 4B. Note that it may be tapered narrower toward the

| aser tube 40 side.

Connecti ons between the |aser tube 40 and the wavegui de

42 can be acconpddshedddverfided BEHRE type of excimer laser gas, the

returned light does not cause induced excitation

emission by the excited excimer laser gas. Hence,

light ceases to oscillate, and the outgoing light from

5 the continuous oscillation excimer laser can be

immediately cut off. This phenomenon will be described

below with reference to Fig. 28.

Normally, the gain of the excimer laser with

respect to the wavelength is determined depending on

10 the type of gas. This relationship is represented by

gain curve GC in Fig. 28. At this time, when light (G)

in a wavelength region (A-86A to A+8A) with a gain

enters the excited excimer laser gas, it undergoes

induced excitation emission, and the excimer laser

15 oscillates. On the other hand, when light in a region

(NG) different from the wavelength region (A-8A to

A+6)M) with a gain enters the excited excimer laser gas,

- it does not effect induced excitation emission, and the

egcimer laser does not oscillate. This embodiment

20 utilizes this phenomenon, and when outgoing light of

the continuous oscillation excimer laser is to be cut

off,

the diffraction grating 106-2 selects light in a

region different from the wavelength region (A-8A to

A+8N) with a gain as light that returns to the laser

25 chamber.

At this time, although the excimer laser does not

oscillate but outputs spontaneously emitted light, most



fastening by formng flange portions on them as shown 15 i n Figs.

3B, and 3C or

3A,

Figs. 4A and 4B. In the present invention, no parts such as

el ectrodes need be arranged inside the |aser tube 40. Mre specifically,
el ectrodes or the like need be assenbled igto the |aser tube 40 later.

Hence, the 20

| aser tube 40 dependi ng on the manufacturing process.

insulating plate 41 may be attached in advance to the

41 may .be attached by, e.g., shrink fit. In the case of Fig. 4B, the
insulating plate 41 may be fitted fromthe inner side of the |aser 25

tube 40. Note t@@ltﬁ@eli
ace consists of a

upper nost surf

10

15

20

25

it has no directivity.
When outgoing light from the continuous
oscillation excimer laser is used again, the control

system 110 pivots the diffraction grating 106-2 while

continuously supplying microwaves. In this case, the

diffraction grating selects the wavelength in the
oscillation region, and only light.in the selected
region returns to fhe laser chamber 101 via the
magnifying prism 106-1. The returned light immediately
produces induced excitation emission by the excited
excimer laser gas, and oscillates in the optical
resonator. In this manner, stable outgoing light can
be obtained from the continuous oscillation excimer
laser with high response characteristics.

Fig. 29 shows the continuous emission excimer
laser apparatus used in this embodiment.

In this embodiment, a cylindrical resonator was
qsed as an.optical resonator. |

A reflection-free film was forméd on the inner
surface of the optical resonator. The uppermost
surface of the resonator consisted of a fluoride.

A jacket-like cooling device was arranged on the
outer surface of the resonator. The uppermost sufface
of the cooling device was covered by a heat insulating
member, and a means for controlling the temperature of

incoming cooling water to be lower than the ambient

no

The insul ating plate

€rid Ubet 4O £t the!l Sat &l | £6Pte£hpOPESin@ed it



.- 26 - fluoride to suppress reactions with F*, KrF*, and ArF*, as described
above. Wien the main body of the |aser tube 40 consists of a netal, easy
manuf acture is assured, and cooling 5 efficiency can be inproved. 1In
particular, in order to prevent changes irsénuicaJ resonator length due to
changes in tenperature, a netal having nearly zero thermal expansion
coefficient is preferably used. In addition, a netal such as copper or
silver having a 10 hi gh el ectric conductance is preferably formed on the

temperature and to nearly match the temperature of
outgoing cooling wafer was arranged. With this means,
temperature drifts of the optical resonator could be
minimized.

5 As a waveguide, the waveguide (5-mm high, 10-cm
wide oversize waveguide) shown in Figs. 12A and 12B was
used, and its interior was evacuated to 10 Torr level.

On the other hand, in this embodiment as well, a
magnetic field was formed by magnets to attain stable
10 plasma excitation.
An insulating plate 44 was formed with a
multilayered coat reflection-~-free film consisting of
CaF, and MgF, on the.resonator side. A fluoride fiim
wés formed on the uppermost surface of the insulating
15 élate.
| Microwaves were generated by a gyrotron
(tradename), and the supply frequency was set at 35
GHz. The gas composition was Kr/Ne/F, (3%:92%:5%).
The pressure was set at the atmospheric pressure.
20 Hence, wc = 4.5m, and electrons collide 4.5 times
during one cycle of the excitation frequency.
wc: collision angular frequency of photons
In.this embodiment, fgrthermore, as shown in
Fig. 29, gas inlet porfé'21a and 21b were formed on
25 both end sides of a laser chamber (laser tube) 20, and
a gas outlet port 22 was formed at the central portion

of the chamber 20. With these ports, the supplied



i nner surface of the |laser tube by, e.g., plating, to have a thickness at
| east |arger than the skin depth of m crowaves. As a preferred enbodi nent
of the insulating plate 15 41, for exanple, at l|least the surface that
contacts the plasma (the surface on the |aggr_tube 40 side) is coated with
a multilayered film(e.g., Sigerr], A[err]Jerr], CaF[err], MFlerr],
LaF[err] film or the like), and its uppernost surface is fornmed with a
thin fluoride film(e.qg., CaF[err], MyF[err], 20 LaF[err], or other thin
fluoride filnms). Furthernore, the insulating plate 41 nust satisfy the
foll ow ng condi Lases Fhowetlstowhed ghe: cehtefat eThiaksibate adsp snal
Iosses Wth respect to mcrowaves supplied, are nechanically robust, are

protect the surface of a light reflection plate on the

output end, as described above. More specifically,

since the uppermost surface of the light reflection

5 plate is coated with, e.g., a thin fluoride film, it

never reacts with F, and F*. (Note that 42: a

waveguide, 44: an insulating plafe, 50: a temperature

controller, 51: magnets, and 53: a laser tube.)

The reflectance of the light reflection plate was

10 set at 99% or higher.

In this embodiment, the magnets 51 were arranged
to apply a DC magnetic field in a direction nearly
perpendicular to the microwave electric field, thus
very stably starting and maintaining discharge.

15 An optical oscillator consisted of a metal
cylinder having an inner diameter of several mm to
several cm. The inner surface of the metal cylinder
was coated with a reflection-free multilayered film. A
fluoride film was formed on the uppermost surface of

20 the metal cylinder.

Sealed bonding between a light reflection plate 31
and the laser tube (a metal cylinder 32 in this
embodiment) that made up the laser chamber was
attained, as shown in Fig. 30.

25 More specifically, the reflection plate and the

metal cylinder were in press-contact with each other by

fastening bolts 34 while interposing a teflon plate



25 I nsoluble in water, and so on. The thickness of the insulating plate
41 need only correspond to integer nultiples or substantially - 27 -
integer multiples of half the wavelength (intra-tube wavel ength) of

m crowaves. (M crowaves) In the present invention, mcrowaves are used as 5
an excitation neans of the |aser gas. LEiﬁ% The m crowaves, the |aser gas
can be continuously excited and conti nuous em ssion is feasible.

ring 33a between the light reflection plate 31 and a
flange 32a of the metal cylinder 32, and interposing a
teflon plate ring 33b and a metal plate ring 35 between
~the bolts and the outer surface of the light reflection

5 plate 31. Note that a seal was provided by an O-ring
'36. Of course, they may be attached by screws using a
bearing in place of the bolts 34.

Upon executing light emission by the
above-mentioned arrangement, continuous emission having

10 a sufficiently high output was achieved.

When a stepper was built using the céntinuous
emission excimer laser oscillation apparatus, the
arrangement was simplified and the service life of the
lens material and the like was improved.

15 . (Another Embodiment)
When losses in the resonator were extremely
eliminated using the apparatus shown in Figs. 21A and
. 21B to 23A and 23B, a stably, continuously emitted
excimer laser beam could be obtained.
20 For example, the laser gas pressufe was set at 65
Torr to suppress energy losses caused by the gas to 1%.
In addition, a stable resonator was constructed by
setting the reflectance of one reflection mirror at
100% and that of the oﬁtbut-side reflection mirror at
25 99.5% or higher. With this arrangement, the gain
| required for laser oscillation could be set at 2% or

higher (reciprocal), and was larger than losses.



As a mcrowave supply source, for exanple, a gyrotron (tradenane) can be
used. 10 The frequency and el ectric power of the m crowaves can be
appropriately determ ned depending on the partial pressures of conponent
gases of the laser gas, and the like. In_g geral the frequency of the

m crowaves preferably falls within the rang froml GHz 15 to 50 GHz,
nore preferably, 5 to 40 GHz, and nost preferably, 20 to 35 GHz. The

el ectric power of the M cr owaves preferably falls within the range from
several hundred Wto several kW If the frequency, [err], of excitation

mcrowaves is, 20 yRefl midBofh¥e énaﬁaypafssyr@nat 18hi;68at BRACEhLI Si on
frequency [err] of electrons to Ne atons, which is
pressure in the laser tube is set at 60 Torr, since
losses -by the gas slightly increase, the reflectance of
the output-side reflection mirror is preferably_set at
-5 99.9% or higher.

The invention may be embodied in other specific
forms without departing from the spirit or essential
‘characteristics thereof. The éresent embodiment is
therefore to be considered in all respects as

10 illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather
than by the foregoing description and all changes which

come within the meaning and range of equivalency of the

claims are therefore intended to be embraced therein.
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1. An excimer laser oscillation apparatus
comprising: |
" a laser chamber which stores a laser gas
5 containing a gas mixture of at least one inert gas
-selected from the group consisting of Kr, Ar, and Ne,
and F, gas, and in which an inner surface thereof has a
reflection-free surface with respect to light of a
desired wavelength of 248 nm, 193 nm, or 157 nm, and an
10 upbermost surface of the inner surface is made of a
fluoride;
an optical resonator which is made up of a pair of
reflection mirrors arranged to sandwich said laser
chamber therebetween, and in which a reflectance of the
15 'feflection mirror 6n an output side is not less than
90%:; and
microwave introduction means, arranged on said
~ laser chamber, for continuously exciting the laser gas

in said laser chamber.

20
2. An apparatus according to claim 1, wherein the
_ inner surface of said laser chamber has one of a
structure prepared by forming an FeF, layer on a
stainless steel surface,.a struqture prepared by
25 plating nickel on a metal and forming an NiF, layer on a

surface of the nickel plating, and a structure prepared

by forming AlF, and MgF, layers on an aluminum alloy.
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5 frequency. Accordingly, this state satisfies the Resistive Plasm
condi ti om 1 n_depth determ ned by the equation bel ow equals a

de th at asma excitation takes place efficiently: 10 [err]
(2/[errﬂ”!ﬂ8 ﬂﬂﬂmuumuml s the angul ar i['equency of m crowaves, [err] is

the vacuu ility, and a Ts°the conductivity of the plasma.

When t he frequency 3f the*microwaves is 35 GHz, 15 the gas pressure is

160 Torr, and the electron density is 10[err] cn{err], we have: [err] =
2[err] x 35 x-10[err] [s[err]] [err] = 4[err] x 10[err] [HmM

3. An apparatus according to claim 1, further

comprising means for continuously supplying'the laser

gas into said laser chamber.

5 4. An apparatus according to claim 1, wherein the
laser gas contains Kr, Ne, and F,, a Kr content falls
within a range from 1 to 6 atomic %, and an F, content

falls within a range from 1 to 6 atomic %.

10 5. An apparatus according to claim 1, wherein the
laser gas contains Ar, Ne, and F,, an Ar content falls
within a range from 1 to 6 atomic %, and an F, content

falls within a range from 1 to 6 atomic %.

15 6. An apparatus according to claim 1, wherein the
laser gas contains Ne and F,, and an F, content falls

within a range from 1 to 6 atomic %.

7. An apparatus according to claim 1, further
20 comprising means, formed at both ends of said laser
chamber, for supplying the laser gas, and means, formed
at a central portion of said laser chamber, for

exhausting the laser gas.

25 | 8. An apparatus according to claim 1, wherein a

frequency of the microwave falls within a range from 1

GHz to 50 GHz.
-This Sheet Has Been Re

i




[err] = 12.8 [[err].nfer]] 20 Hence, the skin depth is: [err] = 750 pm
For exanple, mcrowaves of 35 GHz are induced using a 5-mm high, 10-cm w de
oversi ze wavegui de. The wavegui de portion and the plasna excitation 25

portion are hernetically sealed by an insu t|ng pl Jerr],
CaF[err], MF[err], or the like. The thi Ek ss of ,mmnumu’iﬂg‘”ﬂlate S
set at substantially integer - 29 - multiples of*hdlf 4t h& 1 mtra-tube
wavel ength [err]g also in

9. An apparatus according to claim 1, wherein an
interior of a waveguide for introducing the microwave

is a wvacuum.

5 10. An apparatus according to claim 1, further
comprising a laser tube thaﬁ makes up said laser
chamber, a laser beam oscillating in said laser tube,
and a section of said laser tube, that is perpendicular
to an optical path havihg an elliptic shape.

10 |
11. An apparatus according to claim 10, wherein a
minor axis direction of the elliptic shape agrees with

a microwave introduction direction.

15 '12. An apparatus according to claim 1, further
comprising means for applying a magnetic field into

said laser chamber.

13. An apparatus according to claim 12, wherein
20 said magnetic field applying means comprises an

iron-vanadium-based magnet or an Nd:Fe‘'B magnet.
14, An apparatus according to claim 1, wherein a
pressure of the laser Qas is set to fall within a range

25 from several ten Torr to 1 aﬁm.

15. An apparatus accbrding to claim 1, further
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consideration of the dielectric constant of the insulating plate.
Accordi ngly, when the frequency of m crowaves is
frequency equals the collision frequency at a gas rr. If
the plasma frequency is 35 GHz, the el ectr den&lﬂﬂiﬂ’ﬂl Eﬂ'ﬂ![}s 5 X
10[err] cnferr]. Wen a gas plasna at abou tﬁe at Ll e (1
atm is produced froma gas pressure of 70 10 to 80 Torr u3|ng'electric
power ranging from 100 Wto 1 kWat 35 GHz, F*, KrF*, and ArF* having a
density on the order of 10[err] cnferr] can. be reliably realized. Upon

suppl yi ng m Cro%lﬁ?frisiﬁ& 8861 2a§SmehnkheorauggYiHg 8a¢ai Dagbati ng pl ate,
whi ch contact the 15 | asma eXcitation portion, preferably conprise a

chamber.

16. An apparatus according to claim 1, further
5 comprising an insulafing plate for insulating an
-interior of said microwave introduction means from an
interior of said laser chamber, a thin fluoride film
beihg formed on an uppermost surface of said insﬁlating
plate on a side of said laser chamber.
10
17. An apparatﬁs according to claim 1, wherein a
plurality of slots are formed oﬁ said microwave
introduction means,.and the microwave is introduced
into said laser chamber via the slots.
15 |
18. An apparatus according to claim 17, wherein an
interval between adjaéent slots increases from a center
- to both ends in an axial direction of said laser
chamber.
20
19. An apparatus according to claim 1, wherein a
microwave emission portion of said microwave
introductibn means is tapered wider toward said laser
chamber. |
25
.20. An apparatus according to claim 1, wherein a

microwave emission portion of said microwave
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reflection-free plate with respect to a wavel ength of 248 nmor the |ike.
On the_other hand, the gap between the wavegui de and the insulating plate
may be set at [err]g/2, as shown 20 in Fig. 5 or 6A or [err]g, as shown

in Fig " the gap may be t at 3[err]g/2. Note that the
interi ommlmlﬂmﬂﬂum e is preferably S(§4el n a vacuum state so as to :
prevent diséhatge® Sf *a degree of vacuum of 10[err] Torr or less 25 S

assured, discharge can be prevented. Note that the inner surface of the
maveguide 42, ‘which is in the-vicinity of the contact portion with

introduction means has a gap having a width

corresponding to a frequency of the microwave.

21. An apparatus according to claim 1, wherein

5 said microwave introduction means is arranged along an
optical axis of said optical resonator, and a distance
between said microwave introduction means and an
opticai axis of said optical resonator being changed in
a dire@tion of the optical axis in accordance with

10 changes, in the direction of the optical axis, in beam
spot radius in a direction perpendicular to the optical

axis.

22. An apparatus according to claim 1, wherein a
15 pair of microwave introduction means equivalent to said
microwave introduction means are arranged to sandwich

an optical axis therebetween.

23. An apparatus according to claim 21, further
20 comprising means, arranged on an upstream side of laser
gas supply means, for forming the laser gas into a

laminar flow.

r

24, An apparatus according to claim 1, wherein
25 said microwave introduction means comprises a slot
waveguide having a slot, and a dielectric plate

interposed between itself and said laser chamber.
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- 30 - the laser tube 40, preferably conprises a reflection-free surface as-
I n the +Arer——surface—of—the | aser tube 40. This is to prevent |ight

refl ecte ' surface of the waveguide 42 fromreturning 5 into
t he Iaseih'iﬂ ﬂﬂ mﬂ i&ﬁﬁr nmore, an el ectropmgnet or pernmanent magnet
preferabl'yf N Lectric field to achi eve stable di scharge, as shown
in Fig. 7. (Mcrowave |Introduction Means) 10 Figs. 8A and 8B to 14

show exanpl es of the structure of the mi crowave introduction nmeans. In the
exanpl e shown in Figs. 8A and 8B, a

25. An apparatus according to claim 24, wherein
the slot includes continuous or intermittent
rectangular slots, a long side of each of which extends

in an optical axis direction.

26. An apparatus according to claim 1, wherein
said microwave introduction means comprises a slot
waveguide having a slot, and é dielectric member buried
in the slot.

10

27. An apparatus according to claim 26, wherein
the slot includes continuous or intermittent
rectangular slots, a long side of each of which extends
in an optical axis direction.

15 |
28. An excimer laser oscillation method comprising
the steps of:
continuously supplying a laser gas containing a
gas mixture of at least one inert gas selected from the
20 group consisting of Kr, Ar, and Ne, and F, gas into a
laser chamber in which an inner surface thereof has a
reflection-free surface with respect to light of a
desired wavelength of 248 nm, 193 nm, or 157 nm, and an
uppermost surface of the.inner surface consists of a
25 fluoride;
continuously exciting the laser gas in said laser

. chamber by introducing a microwave into said laser

. This Sheet Has Been Reﬂlaced '
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wavegui de 1 that constitutes the m crowave introduction neans is a sl ot

wavegui de having a plurality of slots 15 S. The SLQL_ma¥egH+de—&—+s——

connected to the outer surface of a laser tube 2 to extend in a rection
parallel to its axial direction. Electro etic radi agmmmﬁu 3]' "I“
several GHz to several ten GHz is introdu Troman u

sl ot wavegui de 20 1, and. propagates along the maveQU|de 1 as a TE[err]
node with an electric field normal to the page. A |l arge nunber of elongated °
slots S are fornmed on the | ower surface (Figs. 8A and 8B) of the sl ot

wavegui de 1, a ﬁg]@y& dd9s- 9A, 9B, and 9C, and the 25
electronagnetlicra |at|g%(*s emtted outside the waveguide 1 via the slots

S while propagating Ad£iitatdlfy 1ight emitted by the excited laser gas
by a pair of reflection mirrors, a reflectance of the

reflection mirror on an output side being not less than

5 90%.

29. A method according to claim 28, wherein the
laser gas contains Kr, Ne, and F,, a Kr content falls
within a range from 1 to 6 atomic %, and an F, content

10 falls within a range from 1 to 6 atomic %.

30. A method according to claim 28, wherein the
laser gas contains Ar, Ne, and F,, an Ar content falls
within a range from 1 to 6 atomic %, and an F, content

15 falls within a range from 1 to 6 atomic %.

31. A method according to claim 28, wherein the
laser gas contains Ne and F,, and an F, content falls

within a range from 1 to 6 atomic %.

20
32. A method according to claim 28, further
comprising the steps of supplying the laser gas from
both ends of said laser chamber, and exhausting the
laser gas from a centrél.portion of said laser chamber.
25

33. A method according to claim 28, wherein a

frequency of the microwave falls within a range from 1

This Sheet Has Been Replaced




wavegui de 1. - 31 - The electromagnetic radiation emtted fromthe slots -
Sis introduced into the |aser tube 2 via a dielectric plate 3, and ionizes
a laser gas in the laser tube 2 to produce a pl asna. A TagnetiTt lic|u47
generator 10 conprises a permanent magnet el ectro

magnetic field in a direction perpendi cuTa&to t he Igigilﬂ”m

per manent magnet used, an iron-vanadi um nmagnet or :

strong magnetic force is

GHz to 50 GHz.

34. A method according to claim 28, further
comprising the step of evacuating an interior of a

5 waveguide for introducing the microwave.

35. A method according to claim 28, further
comprising the step of applying a magnetic field into
said laser chamber.

10

36. A method according to claim 28, further
comprising the step of setting an interval between said
pair of reflection mirrors that make up an optical
resonator at substantially not more than about 15 cm.

15

37. A method according to claim 28, further

comprising the step of setting a pressure of the laser

gas at several ten Torr to 1 atm.

20 38. A method according to claim 37, further
comprising the step of setting a pressure at an inlet
port of the laser gas 1.2 to 1.8 times a pressure at an

outlet port.

25 39. A method according to claim 28, further
comprising the cooling step of cooling said laser

chamber.
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10 suitable. The magnetic field introduced into thﬁf+fﬁﬁﬁ;ﬁﬂﬂﬁ}%}4ayq—
trap electrons in the plasna to elimnate |osses on t u , and a
hi gher-density plasma can be obtai ned. Wen the magnetTH "I

15 appropriately selected, a still hlghgé density: N |ned
by el ectron cyclotron resonance. O course, when a plasma having a
sufficiently high density is obtained w thout applying any nmagnetic field,

the need for the magnetic field generator 10 can 20 be obviated. Kr, Ne,
and F2 gases are supplied/ exhausted into/fromthe |aser tube 2 via, e.g.,

gas inlet ports 8. hh thgnoazesmBecialel B8ceXthenefdappaRaganeration
comprising:
a laser chamber for storing an excimer laser gas;
an optical resonator consisting of a pair of
5 reflection mirrors arranged to sandwich said laser
-chamber therebetween;
light selection means, arranged in an optical path
of said optical resonator, for selecting light to be
oscillated;
10 microwave introduction means for continuously
exciting the excimer laser gas; and
control means for controlling said microwave
introduction means to continuodsly introduce a
microwave, and controlling said light selection means
15 to change light to be selected when oscillation of an

excimer laser is stopped.

41. An apparatus according to claim 40, wherein
said light selection means comprises a wavelength
20 selection element for selecting a wavelength, and said
control means contrbls said wavelength selection
element to select a wavelength in a region different
from an oscillation region determined by the excimer
laser gas so as to stoﬁ 6scillation of the excimer

25 laser.

42. An apparatus according to claim 40, wherein

_—
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of a pl asma, since the gases need only be sealed in_the 25 | aser tube- 2,7+
the gas inlet ports 8 are not required. In the plasma, radicals such as KrF

or the like having a lifetine of about 10 nsec are c ted,
- 32 - and enit light when they dissociate.dnto Kr qmul‘l“ﬂ““l“l““ ‘a
pronot es i nduced em ssion while travelllng %ack and forthf i h ah obtlca

resonator fornmed by an output-side mrror 5 and a reflection-side mrror 6,

5 and is anplified by induced em ssion. The output-side mrror 5 has a
refl ectance of- 90% or hi gher, and |ight

said light selection means comprises a shutter, and
said control means controls said shutter to cut off
light to be supplied to said laser chamber so as to

stop oscillation of the excimer laser.

43. An apparatus according to claim 41, further
comprising means for focusing outgoing light from the
excimer léser, and a spatial filter, located at a focal
point, for limiting a divergence angle of the outgoing

10 light.

44. A laser oscillation apparatus comprising:
a laser chamber for storing an excimer laser gas;
an optical resonator consisting of a pair of
15. feflection mirrors arranged to sandwich said laser
chamber therebetween; and
microwave introduction means for exciting the
~ laser gas in said laser chamber, said microwave
iptroduction means being arranged along an optical axis
20 of said optical résonator, and a distance between said
microwave introduction means and an optical axis of
said optical resonator being changed in a direction of
the optical axis in accordance with changes, in the
direction of the opticél.axis, in beam radius in a

25 direction perpendicular to the optical axis.

45. An apparatus according to claim 44, wherein a
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transmtted through this output-side mrror is externally output as a |aser -
beam In the exanple shown in Figs. 8A and 8B, an 10 atumnum-at--ey—can

be used as the material of the |aser tube nmain body. In I mpr ove
efficiency, a dielectric multilayered filrg's_forned'o*ﬂ@i Bu ,ﬂniﬂﬂﬁfes
of the laser main body and the dielectric plfate 3, so t c .

the oscillator length is 15 zero (reflection-free). In order to cool the
| aser tube 2 and the waveguide 1, a refrigerant such as cooling water, air,
an N2 gas, or -the like can be supplied between a refrigerant chanber 7
having a cool i ngayat8f mikLbwaeést iRBrodultisndnéans cedeiveIént tbesaiat
wavegui de 1 can be set

microwave introduction means are arranged to sandwich

the optical axis therebetween.

5 46. An apparatus according to claim 44, further
comprising means, arranged on an upstream side of laser
gas supply means, for forming the laser gas into a

laminar flow.

10 ' 47. An apparatus according to claim 44, wherein
said microwave introduction means comprises a slot
waveguide having a slot, and a dielectric plate

interposed between itself and said laser chamber.

15 48. An apparatus according to claim 47, wherein
the slot includes continuous or intermittent
rectangular slots, a long side of each of which extends

in an optical axis direction.

20 49. An apparatus according to claim 44, wherein
said microwave introduction means comprises a slot
waveguide having a slot, and a dielectric member buried

in the slot.

25 50. An apparatus according to claim 49, wherein
the slot includes continuous or intermittent

rectangular slots, é long side of each of which extends
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in a vacuumstate to prevent discharge therein. Figs. 9A, 9B, and 9C are
bottom views of the slot waveguide 1. In Fig. 9A slots S pointing in a
direction 25 perpendi cular to the axis of the waveguide 1 are arranged

s s o e S DU

pol ari zed el ectromagneti c waves, which are polarized in‘hé a%ial direction
of the wavegui de.

in an optical axis direction.

51, An exposure apparatus comprising:
(A) an excimer laser oscillation apparatus
5 having,

a laser chamber which stofes a laser gas
contéining a gas mixture of at least one inert gas
selected from the group consisting of Kr, Ar, and Ne,
and F, gas, and in which an inner surface thereof has a

10 reflection-free surface with respect to light of a
desired wavelength of 248 nm, 193 hm, or 157 nm, and an
uppermost surface of the inner surface consists of a
fluoride,

an optical resonator which is made up of a pair of

15 feflection mirrors arranged to sandwich said laser
chamber therebetween, and in which a reflectance of the
reflection mirror on an output side is not less than.

- 90%, and

microwave introduction means, arranged on said

20 laser chamber, for continuously excitiﬁg the laser gas
in said laser chamber;

(B) an illumination optical system for
illuminating a reticle formed with a pattern by light
output from said excimer.laser oscillation apparatus;

25 (C) an imaging optical system for imaging light
coming from the reticle onto a wafer; and

(D) a movable stage on which the wafer is
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In Fig. 9B, slots tilted 45[err] fromthe axis of the 5 wavegui de are
arranged at intervals equal to the wavelength of electromagnetic radiation
in the wavegui de. The individual slots emt in-phase, Ilnearly iolarlzed

el ectromagneti ¢ waves, which are pol ari zed in a di rammmm“m(ﬂ IM“E”]
with respect to the 10 axi al dlrectlon the wa

pairs of orthogonal slots which are tilted 45 fromthe d&xi$ of

wavegui de are arranged at intervals equal to the wavel ength of

el ectromagnetic radiation in the waveguide. The individual slots emt 15
i n-phase, circuhasppsBal ahtzafieheehredBgneheCwhgres. The |ength of these
slots is determ ned in correspondence with the electromagnetic radiation

52, An exposure apparatus comprising:
(A) an excimer laser oscillation apparatus
5 comprising: |
a laser chamber for storing an excimer laser gas,
an optical resonator consisting of a pair of
reflection mirrors arranged to sandwich said laser
chamber therebetween,

10 light selection means, arranged in an optical path
of said optical resonator, for selecting light to be
oscillated,

microwave introduction means for continuously
exciting the excimer laser gas, and

15 | control means for controlling said microwave
introduction means to continuously introduce a
microwave, -and controlling said light selection ﬁeans

~ to change light to be selected when oscillation of an
ggcimer laser is stopped;

20 (B) an illumination optical system for
illuminating a reticle formed'with a pattern by light
output from said excimer laser oscillation’appafatus;

(C) an imaging optical system for imaging light
coming from the reticlé 6nto a wafer; and

25 (D) a movable stage which carries the wafer.

53. A laser tube which stores a laser gas
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intensity distribution in the wavegui de, so that the intensities of

el ectromagnetic waves emtted fromthe 20 I ndi vidual _slots nearly equal
each other. The angle of the slots and the interval between adjacent slots
are not limted to those described above. ,; ‘the stru m S.
10A and 10B, el ectromagnetic radiation of ‘Several GHz(H“l“‘el l““"lmlmg
GHz is introduced fromthe upper portion of a tapered wavéguitde®11® i’

di verged by a tapered portion, and is then introduced into the |aser tube 2
via the - 34 -

containing a gas mixture of at least one inert gas

selected from the group consisting of Kr, Ar, and Ne,
and F, gas, comprising:
"a laser tube inner surface which has a
5 reflection-free surface with respect to light of a
.desired wavelength of 248 nm, 193 nm, or 157 nm, and an
uppermost surface of which consists of a fluoride; and
an insulating plate for introducing a microwave
into said laser tube. |
10
54. An excimer laser oscillation apparétus
comprising: |
a laser chamber for storing an excimer laser gas;
an optical resonator consisting of a pair of total
15 feflection prisms arranged to sandwich said laser
chamber therebetween, light coming from said optical
resonator entering said total reflection prisms at a
- Brewster angle; and
an output member for taking out light in said

20 optical resonator.

55. An apparatus according to claim 54, wherein
two light output members equivalent to éaid output
member are arranged in.uhits of light beams in said

25 optical resonator, and one of said two light output
members is set at a Brewsfer angle with respect to the

corresponding beam.
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dielectric plate 3. In the exanple shown in Figs. 10A and 10B,
el ectromagnetic radi ati on propagates as a TE[err] nodée W thh an EICbtri

field parallel to the page, near the el ectromagnetic r c i on
portion of 5 the tapered wavegui de 11. 7 flternative mﬂ"ﬁm .
field may be normal to the page. O her arrangenents ar ex

shown in Figs. 8A and 8B. Figs. 11A and 11B, and Figs. 12A and 12B show
exanpl es wherein mcrowaves are introduced as surface 10 waves. |In the
structure shown in Figs. 11A and 11B, electromagnetic radi ation of several
Gz to several ten £g{ igni&ppocaees dcevrding PPerchaimni B4, ofharasnegui de
12 with a gap, which uses a cylindrical induction tube, and propagates in
the tube as a Tédfd nogeput thlemiser comprises a mirror which is coated

with a high-reflection film, and is arranged to contact

a light beam of said optical resonator.

5
57. An apparatus according to qlaim 54, wherein
said output member comprises a prism which is arranged
in the vicinity of a total reflection surface of one of
said total reflection prisms and takes out an
10 ~ evanescent wave.
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15 electric field parallel to the page. An electric field in the tube
axis direction of an induction tube 14 is applied froma gap portion of the
wavegui de 12 with the gap. The introduced m crowaves becone surface waves
whi ch propagate fromthe gap portion in thegeright and 20 | eft tube axis
directions in the induction tube 14. Electrons in the plasm are
accelerated by this surface wave electric field, thus maintaining a

hi gh-density plasma. Since surface waves which attenuate slowy and 25

have an identi-cal node propagate fromthe central portion of the |aser
tube, no |ocal ABSTRACTY OF THE DISOMOSURE! he m crowave electric field is

f or med.

This invention relates to an excimer laser
oscillation apparatus which has a laser chamber which
stores a laser.gas confaining a gas mixture of at least

5 one inert gas selected from the group consisting of Kr,
Ar, and Ne, and F, gas, and in which an inner surface
thereof has a reflection-free surface with respect to
light of a desired wavelength of 248 nm, 193 nm, or 157
nm, and the uppermost surface of the inner surface

10 consists of a fluoride, an optical resonator which is
made up of a pair of reflection mirrors arranged to
sandwich the laser chamber therebetween, and in which
the reflectance of the reflection mirror on the output
side is 90% or more and microwave introduction means,
15 arranged on the laser chamber, for continuously

exciting the laser gas in the laser chamber.

-
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- 35 - Accordingly, since uniformplasma excitation takes place on the

pl asma surface, a high-density plasma can be efficiently generated. Since
the m crowave electric field need only be applied to the gap portion al one,
5 the mcrowave circuit is very sinple. This plasnma generation nethod
I's nost suitable for oscillating a thin |laser since a |long, high-density
plasma which is as thin as several nmgapgbe efficiently generated. In the
exanpl e shown in Figs. 11A and 11B, the I nduction 10 tube 14 consists of
CaF[err]. A novable short-circuiting plate 13 is arranged to suppress
reflection to an @
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el ectromagnetic radi ati on generator by adjusting the short-circuiting
position, but need not be novabl e. When the frequency of el ectronmagnetic
radi ation is high 15 and the wavegui de has a sufficiently small size,
the gap portion of the waveguide is not required. The magnetic field
generator 10 conprises a permanent nagnet or electromagnet, and generates a
magnetic field in the tube axis di rec®/@0 of the induction tube 14. 20

O her arrangenments are the sane as those in Figs. 8A and 8B. Figs. 12A and
12B show an exanpl e wherein an induction plate 14a is used. This structure
is the sane as that using a cylindrical induction tube in 25 principle,
and is suitable for generating a wide, thin
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pl asma. Since the portion below the plasma does not contribute to plasm
generation, a high-speed gas flow - 36 - in a direction perpendicular to
the |l aser tube axis 1s easy to obtain in this portion. In the structure
shoMssmaﬁh@eexlﬁeﬁa@édectrorragnet|c radi ati on of several GHz to several ten

ced froman upper portion of a coaxial conversion
wave
field

ropagates in the t Bk26s a TE10 node with an electric
he page. This el ectronmagnetic radi ati on propagates while
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changing its node to el ectromagnetic radiation in the 10 ri ght-and-Ileft
directions, that propagates between a shield plate 15 and.Lhe—p%asna’Tﬁ”The
i nduction tube 14. A hi gh-density plasma i s generated by RF curren Sol
flow on the plasma surface. O her arrangenents are theTha

in Figs. 8A and 8B to 12A 15 and 1%&M2bn t he structur

el ectromagnetic radi ati on of several o several ten ced
fromthe upper portion of the coaxial conversion maveQU|de 16 and
propagates in the tube as 20 a TE node viith an electric field parallel
to the page. This el ectromagnetic radi ati on propagates while changing its-
node to el ectronagnetic radiation in the
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right direction, that propagates between the shield plate 15 and the plasm

in the induction tube 14. 25 O her arrangenents are the same as those in
Fig. 13. (Shape of M crowave Introduction Means etc.) In a stable
resonator, a certain pernmanent node is - 37 - fornmed, and a node having

the smal | est beam spot radius is the 'EEKB node (fundanental node) having a
Gaussian distribution. In order to bui “resonator, a space that can
propagate at |east the fundanental node 5 Wi t hout any | osses is

requi red. The beam spot radi us FIG. 5 (WAVE GUIDE
/

7

10cm

NI
VACUUM —112—9

FIG. 6A FIG. 6B

ELECTRICAL FIELD
DISTRIBUTION

5mm - /
)

"4
5mm NN // NN /
X Ag CASE
5 CASE 9 S

MAGNET

4> MICRO WAVE \\

'/ 7

This Sheet Has Been R

[T



of the fundanental node is defined by the wavel ength of the |aser beam the
| ength of the resonator, and the radius of curvature of the mrror of the
resonator, and can be expressed using L: the resonator length, R the 10
radi us of curvature of the mrror, and a g paraneter (g =1 - L/R), as
shown in Fig. 15A Fig. 15B shows the calculation result of the 1/e[err]
beam spot radius of the fundanental né26n the mirror (resonator end
portion) of a synmmetrical stable 15 resonat or while assum ng the
resonator length L = 200 mm The abscissa plots the g paraneter. As shown
In Figs. 15A and 15B, the beam spot radius changes in the optical axis
direction. Therefore, when a stable resonator is used, a problem
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20 arises: a high-gain region, i.e., aregion with a high plasm density
I mredi ately bel ow the m crowave introduction portion of the | aser chanber

i s not Tincluded Tn the optical path. To solve this problem when the

m cr owave—25——-introduction nmeans on the | aser chanber side is deformed to
have a shape correspondi ng:to the beam_spot radius, the high-gain region,
l.e., the region with a - 38 - hi ghﬂfl%ﬁsma density imedi ately bel ow the
m crowave i ntroduction portion of the | aser chanber can be
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I ncl uded in the optical path. Fig. 16A shows this exanple. In Fig. 16A a
| aser—5———oseiHHaton—apparatus conprises a |aser 301, a dielectric plate

302, a—slot plate 303, an optical axis 350, reflection mrrors 6, a powder
304, a |l aser chanmber 305, and cooling water 307. In Fig. 16A, the m crowave

i ntroduction neans is nmade up of a way, ?5 de 10 consi sting of an

I ntroducti.on portion 300 and the sl ot é e 303 having slots (not shown in
Figs. 16A and 16B), and the dielectric plate 302. The di stance between the
dielectric plate 302 and the optical axis 350 of the resonator is changed
I n correspondence wth 15 ch |n t ection of the optical axis
350, in beam spot radl us in a d| imcul ar to the
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optical axis 350. Mdre specifically, the distance between the dielectric
plate 302 and the beam outer periphery is made constant. Note that the
powder 304 20 (e.g., AIN) is filled in the waveguide to facilitate

i ntroduction of mcrowaves and to attain a size reduction of the wavegui de.
Wien the shape of the dielectric plate 302 on the | aser chanber 305 side is
defined not by a plane but by 25 a 3d26ed surface, as shown in Fig. 16A,
the laser gas flowis disturbed (turbulent flow), resulting in diffraction
| osses. To avoid this, as shown in '
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- 39 - Fig. 16B, a baffle plate (nmeans for shaping the |laser gas flowinto
a lamnar flow) 306 is preferably arranged at the | aser gas inlet port.
This plate can formthe laser gas flowinto a uniformlamnar flow 5
The baffle plate 306 al so has a function of confining the generated plasma
in the | aser chanber 305. Note that another baffle plate nmay be arranged at
t he downstream side to obtain such functQ pB6 The | ami nar flow can be easily
real i zed using the 10 baffl e plate 306 which has a conductance snaller
than that in the | aser chanber. As the baffle plate, a honeyconb plate or a
plate with many slits is preferably used.
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Near the center of the |laser chanber the slits are 15 preferably forned
at higher density than those forned at the peripheral portion, since the
gas can be uniformy flowed at high speed. At |east the surface of the
rectification plate 306 consists of a fluoride such as AlF[err], MF[err],
or the 20 i ke. Figs. 16A and 16B show a case wherein a single mcrowave
i ntroduction neans is arranged. Alterhhi{P6ely, as shown in Figs. 17A and
17B,  two m crowave introduction nmeans may be arranged to be 25

symmetri cal about the optical axis 350. Wien the two neans are

symmetrically arranged, a gain can be obtained twice as nuch as conpared to
t hat obtai ned by :
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- 40 - the single neans. Note that the technique for deform ng the shape of
the m crowave introduction neans on the | aser chanber side in
correspondence with the beam outer peripheral 5 shape is particularly
effective in a continuous enission excinmer |aser oscillation apparatus, and
can al so be applied to other |aser osaéll fion apparatuses that generate a
pl asma by i ntroduci ng m crowaves. On t d her hand, when the m crowave

i ntroduction 10 nmeans i s constituted by the wavegui de consisting of the
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i ntroduction portion 300 and the slot plate 303, and the dielectric plate

302, the dielectric plate 302 requires a conplicated working/attachnent

process. Also, in ternms of easy working/attachnment, the I5 dierectric
plate 302 nmust be thick to sonme extent. Wien a dielectric plate 410 is
thick, as shown in Fig. 18A, mcrowaves diverge in a |laser chanber 430.
Accordingly, large electric power isn%iﬁﬁZ@d to obtain a dense plasm
Fig. 18B shows a case wherein the 20 dielectric plate 410 is thinner
than that in Fig. 18A, and the divergence of mi crowaves is snmaller than
that in Fig. 18A. To avoid such problem in the present invention,
dielectric nenbers are preferably buried in slots 530
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25 of a slot wavegui de 500 wi thout using any dielectric plate, as shown
in Fig. 19. Wien no dielectric plate is used in this manner, m crowaves
having a very snall - 41 - width are introduced, as shown in Fig. 18C.
As a result, a plasma having a higher density than that obtai hed by

I nputting identical m crowave el ectric Eﬂﬁ%r can be excited, and the gain
of the |aser can be 5 I ncr eased. As1 sl ot shape, a rectangul ar shape

whose | ong side extends in the optical axis direction is

FIG. 16A
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preferable, as shown in Figs. 20A and 20B. A single, continuous rectangle
may be fornmed 10 (Fig. 20B), but rectangles are preferably forned
intermttently. Wen the long side of each rectangle is set parallel to the
optical axis direction, a narrow plasma can be excited. As a result, a

pl asma havi ng a hi gher 15 density thgg t hat obt ai ned by |nputt|ng .

I dentical mcrowave el ectric power canl 2§«nted and the gain of the

| aser can be increased. (Supply Mdde of Laser Gﬁs) Figs. 21A and 21B show
an excinmer |aser 20 oscillation apparatus according to anot her

enbodi ment of the present i nventiPI(ﬂJ\e m ;"ﬂe i ntroduction

350
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met hod and arrangenent are the sane as those in the exciner |aser
oscillation apparatus shown in Figs. 8A and 8B, and m crowaves generated by
a gyrotron as a 25 m crowave power supply (not shown) are introduced —
into a |laser tube 2 via a rectangul ar waveguide 1 and_a slot plate 3. -
42 - On the other hand, in the apparatus described above with reference to
Figs. 8A and 8B, the | aser gas can be sU@bQBed fromone end portion of the
| aser tube in the |ongitudinal direction, and can be exhausted

FIG. 18A FIG. 18B FIG. 18C
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5 fromthe other end portion in the longitudinal direction. In contrast -
to this, in the exciner |aser oscillation apparatus of this enbodi nent,

el ongat ed hol'esare—forned al ong the longitudinal direction of the |aser

t ube 2, —and—are—used—as—laser gas outlet 10 ports 22. Wth this
arrangenment, the laser gas supplied frq inlet port 21 is exhausted from
the outlet ports 22 on both sides via ﬂﬁJﬁhscharge space in the | aser

tube. In order to stably obtain a continuously enmtted 15 exci mer | aser
beam a thin beam should be forned. For exanple, in order to obtain an
output of 1 kWby a |aser beamintensity of 1.3 MNcnierr], a plasma need
only be obtained within a region having a dianmeter of about
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0.3 mm Since the above-nenti oned apparatus shown in 20 Figs. 21A and
21B can concentratively generate a plasma in such narrow region, a thin,
continuously enmtted exciner |aser beam can be obtained. At this tine, the
reflectance of a mirror 6 is preferably set at 100% and that of a mrror
on the 25 output side is preferably t at 99% | n—order—to stably _
obtain a continuously emtted exciner ﬂ§§86 beam a state wherein fluorine

nmol ecul es - 43 - (F2) and fluorine ions (F[err]) exist in the discharge
space .
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to be able to sufficiently formexcinmers (KrF*) nust be set. For this
purpose, it is preferable that a | arge anount of fresh fluorine gas (F2) be.
supplied into the 5 di scharge space at hi gh speed, and fluorine atons
(F) that return to the ground state after |aser beam em ssion be exhausted
fromthe discharge space. In this eanginga in order to attain high-speed
circul ation/substitution of the | aser é | aser gas 10 i nl et and outl et
ports are formed, so that a fresh laser gas is supplied froma direction
perpendi cular to the longitudinal direction of the |aser tube (the

| ongi tudi nal direction of the discharge space), and the used |aser gas is
exhausted fromthat direction. 15 Such hi gh-speed circul ati on of
the gas al so has an -
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effect of cooling the |aser tube since the gas and plasma present in the

di scharge space are substituted at high speed. Figs. 22A and 22B show t he
structure that can 20 realize further high-speed circulation of the

| aser gas. As shownin Fig. 22B, the gas flow portion in the discharge
space is narrower than a gas inlet port 23 and a gas outlet port 24, and as
a consequence, high-speed gas circul a20b@b6substitution is attained in 25

t he di scharge space. As for the |ayout of magnets 10 that confine a plasm
in a narrow region, the present invention is not
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- 44 - limted to the specific layout shown in Figs. 21A and 21B, in which
the magnets are arranged to generate lines of magnetic force in a direction
to cross the longitudinal direction of the |aser tube. For exanple, 5

the magnets nmay be arranged to generate lines of magnetic force along the

| ongi tudi nal direction of the |aser tube. Figs. 23A and 23B show an exci ner
| aser oscillation apparatus according2dd28ill another 10 enbodi nent of
the present invention. The m crowave introduction nethod and arrangenent
are the sanme as those in the excinmer |aser oscillation
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apparatus shown in Figs. 11A and 11B, and m crowaves generated by a
gyrotron as a m crowave power supply 15 (not shown) are introduced into
a laser tube 14 via a rectangul ar wavegui de 12 and a gap. The m crowaves
propagate along the wall of the laser tube in the longitudinal direction to
cause discharge in the |aser tube 14, thereby generating a | aser gas

pl asma. 20 The | aser gas supRRY 26t hod of the apparatus shown in
Figs. 23A and 23B is different fromthat of the apparatus shown in Figs.
11A and 11B. In the apparatus shown in Figs. 11A and 11B, a laser gas is
supplied fromone end portion of the |aser 25 tube in the | ongitudinal
direction to forma gas flow along the |ongitudinal direction. On the
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t he apparatus shown in Figs. 23A and 23B, two el ongated - 45 - holes are
formed on the side walls of the |aser tube so that their |ongitudi nal
direction agrees with that of the:|laser tube, and a |l aser gas is supplied
fromone hole and is exhausted fromthe other hole. 5 Wth this
arrangenment, the laser gas flows in t££ Igser' tube to cross the

| ongitudi nal direction of. the |aser t £261n this enmbodi ment as wel |, since
the gas and/or plasna in the discharge space can be substituted at high
speed, excinmers can be stably generated in the
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10 di scharge space. Also, an effect of cooling the |laser tube is
expected. The above-nenti oned gas suppl y/ exhaust nethod can be applied to
all the above-nentioned apparatuses. Upon supplying the | aser gas, the
pressure at the 15 inlet port is preferably set at 1.2 to 1.8 tines that
at the outlet port, and nore preferablx, .2 to 1.5 times. Wen the
pressure at the inlet port is set at 2471 mes or nore that at the outlet
port, the laser gas 20  that passes through the |aser chanmber undergoes
vol ume expansi on, and cools the plasnma excitation portion. On the other
hand, when the pressure at the inlet port is set at 1.8 tinmes or nore that
at the outlet port, the
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pressure difference becomes too | arge, and the pressure 25 di stribution
offset in the laser chanber becomes large. (Cooling) Since a |aser beam of
about 10 Wis obtai ned by - 46 - introducing m crowaves of about 100 W
to 1 kW a considerable amount of heat is produced. Since the wavel ength
changes if thermal expansion occurs, precise cooling is required. It is
preferable that this 5. portion use2§ /g al free fromany therma
expansi on, and copper or silver plating be formed on its inner
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surface. The reason why the plasma excitation portion i s nmade—tup—of—a——+et al
Is to inprove the cooling 10 efficiency. Water ceelHng—+s—attabnred—
while controlling the cooling water tenperature, cooling water flow rate,
and cooling water pressure. For exanple, cooling is preferably perforned by
a cooling device shown in Fig. 29. Vhég gﬁgling water is 15  deaerated
and the water supply pressure is set ! ut 1 kg/cnferr], conveniently no
vibration is generated upon supplying cooling wafer with pressure.
(Resonator) Wen a pair of reflection mrrors are arranged on 20 t he

optical axis of the laser tube, a |aser beamc b
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taken out by induced enission. Wien a continuously e tﬁEPEAGEMEmESHEETS r
beamis obtained by maintaining the light intensity = : ile

“decreasing the beam spot size, as will be 25 descr
preferable that the reflectance of one reflection mr
that of the output-side reflection nirrdr ¥ rom which
Is taken out be set at 99.0% On the other hand, whenjthe
is maintained by extrenely elimnating | osses in the l
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Excimer Laser Oscillation Apparatus and Method,

Excimer Laser Exposure Apparatus, and Laser Tube

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a continuous
emission excimer laser oscillation apparatus and method
that allow continuous light emission, and an excimer
laser apparatus and a laser tube.

Related Background Art

An excimer laser has received a lot of attention
as one and only high-power laser that can oscillate in
the ultraviolet region, and its applications are
expected in the electronics, chemical, and energy
industries.

More specifically, the excimer laser is used in
working, chemical reactions, and the 1ike of metals,
resins, glass, ceramics, semiconductors, and the like.

An apparatus for generating an excimer laser beam..
is known as an excimer laser oscillation apparatus. A
laser gas mixture containing, e.g., Ar, Kr, Ne, F,, and
the like filled in a manifold is excited by electron
beam radiation, discharge, or the like. The excited F
atoms bind to inactive KrF*:ArF* atoms in the ground
state to form molecules that can exist in only an
excited state. Such molecules are called excimers.

Since the excimers are unstable, they immediately emit



resonator, the reflectance of one reflection mrror is 5 preferably set
.at_100% and that of the output-side‘reflection mrror is preferably set at
799.B3% or hi gher, and nore preferably, 99.9% or higher. Figs. 24A and 24B
show t he arrangenent of a resonator in which reflectances at both ends
becone 10 10096U5|ng prlsns The |n6‘&ﬁ%t angles to total reflection

prisns 20

produced : 'J =ctton
prisns 202 and 203 ut|I S Iosses
occur upon refl bt Y heie gl Y. the reflectances at both ends
of the resonator econe 10%%{ %%e refﬁéctance of outgoing light can be set

within the This invention relates to an excimer laser

oscillation apparatus which has a laser chamber which
stores a laser gas containing a gas mixture of at least

5 one inert gas selected from the group consisting of Kr,
Ar, and Ne, and F, gas, and in which an inner surface
thereof has a reflection-free surface with respect to
light of a desired wavelength of 248 nm, 193 nm, or 157
nm, and the uppermost surface of the inner. surface

10 consists of a fluoride, an optical resonator which is
made up of a pair of reflection mirrors arranged to
sandwich the laser chamber therebetween, and in which
the reflectance of the reflection mirror on the output
side is 90% or more and microwave introduction means,

15 arranged on the laser chamber, for continuously

exciting the laser gas in the laser chamber.
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REPLACEMENT Shiti
09 SEP 1997
This Sheet Has Been R g
is as Been Repl mts SHEET HAS BEEN
l, . HEPLACED




| cg U T
~-range TJOdREELAGEBE$§E51396by”ﬁdjustlng the incident an
;RH» [ anged goe 13
on t&ﬁa.éxanplé
yes are
.g%b 25
Bince t

What ie claimed is:

1. An excimer laser oscillation apparatus comprising:

laser gas meansg which stores a laser gas
comprising at least one inert gas selected from the
group ‘consisting of Kr, Ar, Ne, and F, gas;

an optical resonator}Which is made up of a pair of
reflection gptical partg arranged to sandwich said
laser gas means therebetween; and

microwave. traveling means functionally coupled to
said laser gas means, for exciting the laser gas in

said laser gas means, wherein said laser gas means is
axrrandged out31de of said microwave traveling means.

2. . An apparatué accoxrding to claim 1, wherein
said xeflection optical partsare reflection mirrors,
a _reflectance of the reflection mirror op ap output side
being not iéss than 90%, _din said optical resonator.

3, . - An apparatus accofding to claim 1,

wherein said wicrowave traveling means has at least one zlot-
antenna thereon.

4. An apparatus according to claim 1,

wherein id j _ ction optical ‘parts are total reflection

isms in said optica eson
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to reduce the nunber of outgoing beans and to prevent the apparatus from
bei ng conplicated, nodifications shown in Figs. 25A, 25B,7 and 25C nay
used. In the nodification shown in Fig. 25A, two 5 ourgoing beam-t aki ng

out plates a and b are arranged in correspondence
, and one plate b is set at thgl[ Br ewst er. i ”&MH
resonator are linearly polarized, the outgoing taklng et

the Brewster angl e does not 10 produce any reflected |ight. Therefore

t he nunber of outgoing beans is 4. The reason why the outgoing |ight taking:
out plate b is arranged is to correct the positional shift of beans c
by the outgoing |ight taking out plate b.

resonat or

5. An apparatus according to claim 1,

wherein said microwave traveling means includes a portio

extendin arallel to an optical axis of said optical

regonator, a distance between said portion extending alon

the optical axis and the optical axis increasing where a beam

spot radius in a directioh perpendicular to the optical axis

increases,

6. . An apparatus according to claim 1,

wherein s8aid laser gas means has an inner surface that

is substantially reflection-free with xrespect 'to light of a

be

in the
at

aused

degired wavelength, a Qortiog of the inner surface compriéing
a fluoride laver,

7. _ ~ An apparatus according to clainrggl

wherein the fluoride'lazer consists of one of an FeF,

layer on a stainless steel surface, an NiF, laver on a

-surface of nickel plating, and AlF, and MgF, lavers on an

aluminum alloy,

8. ) An apparatus according to claim‘éq

wherein said inner surface is substantially reflection-
free with resgpect to light having a wavelength of 248 nm.

9. An apparatus according to claim §7

wherein said inner surface is gubstantially reflection- .

free with respect to light having a wavelength of 193 nm,
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15 In the nodification showmn in Fig. 25B, outgoing light is taken
ow using diffraction of beans in the resonator. An output mrror is
arranged to contact one of beans in the resonator, and one or both surfaces
t hereof are h'“m " ' Hmated. Diffraction light 20 pi ercingly
comng to the” [)mlﬂmulm reflectedghy the high-reflectance coat -
surface, and b&cotres a odt gbi ng beam The nunber of outgoing beans is 2.
In the nodification shown in Fig. 25C, outgoing light is taken out by
utilizing evanescent waves. An 25 evanescent wave taking out prismis

arranged to face the total reflection surface of the.total reflection prism
202 or 203 to be separat®¥ by an interva® ABRRFptus according to claim g,

wherein said inner surface is substantially reflection-

free with respect to light having a wavelength of 157 nm,

ii. _ An apparatus according to claiu\;ﬁ

further comprising means for supplying the laser agas
into_said : mea

12, An apparatus accbrding to claim 1,

further comprising means, formed at both ends of said laser-

gas means, for supplying the laser gas, and means, formed at
the central portion of said laser gas wmeans, for exhausting

the lasexr gas

13. ' An apparatus according to élain1j;

further comgrising'laser-gas supplying means, and wmeans
for forming the laser gas into a laminar flow arranged on an
upstream side of said laser gas supplving means,

14. An apparatus according to claim 1,
further comprising means for substituting the laser qgas at
high-speed Jin said Jlaser gag means.

15. An apparatus according to claim 1,

further comprising means for girculating the laser
gas_in gaid laser gasg means

16. An apparatus according to claim 1,

wherein the laser gas contains Xr, Ne, and F., a Kr content

falls within a range from 1 -to 6 atomic %, and an F. content

falls within a rande from 1 to 6 atomic %. -
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- 49 - equal to the wavel ength, thereby taking out Iea e
evanescent waves) as outgoing light. The nunber of eans |s 2
(Exposure Apparatus) 5 Fig. 26 shows an exp Im’jﬂ’ﬂm ng an
excimer |aser oscillation apparatus. Light output frbn1e

apparatus Al is supplied to a scanni ng-@Bt-i cal systemvia a mrior*and a

|l ens A2. 10 The scanning optical systemhas a scanning |ens A4 and
a scanning mrror A3 whose angle can be changed.

17. An apparatus according to claim 1,

whexein the lase a ontains Ne, and F., an Ar nte

falls within a range from 1 to 6 atomic %, and an F, content

falls within a range from 1 to 6 atomic %

is. ) An apparatus according to claim J

wherein the lasger gas contains Ne and F,, and an F,
gontent falls within a range from 1 to 6 atomic %

19. An apparatus according to claim 1,

wherein a pressure of the laser gas is within a range from
out 10 Torr 1 atm

20. " An apparatus accordlng to claim 19)

‘wherein a pressure of the laser gas is within a range
from about 50 Torr to 1 atm,

21. "An apparatus according to claim 19

)
wherein & pressure at an inlet port for laser gas is .

within a range from 1;2 to 1.8 times a pressure at an outlet
port,

22. . An apparatus according to claim 1,

further comprising magnetic field applying means for applving
a _magnetic field into said laser gas means,

23, An apparatus according to claim 22

)
rein said magnetic field applving means comprises an

iron-vanadium-based magnet
24, ~ An apparatus according to claim 229
‘'wherein said hacnetic field applying means comprises an

Nb-Fe- B magnet.
—_\
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Li ghit out put fromthe scanning optical systemis_irradi.at. ed..onto-a reticle
A6 having a mask pattern via a condenser |ens A3 ﬁkui‘é,@‘ﬂﬁ {gn opti cal
system 15——’—of—‘t‘h‘e—’e‘>@6'§DTe appar at us has the Hbgwe—Henti-omedjarir angenment .

oo DAL £ s S SSSErc R TR S

Lopti cal 'System havi ng aﬁ “obj ectiye lens 7. .anc

..rl-n-

an i magi ng" | at ent
i mage corresponding to the nmask pattern is fornpd on a photosensiftive
resist on the surface of the wafer A8. As descr ibed-abeves-the osure

apparatus shown i'n Fisgj. 26 conprises the excimer |aser oscillation 25
apparatus Al, the il?%mination opti @at appswafust gcording to claim 1,

further comprising cooling means for cooling said laser

aas means.,

26. An apparatus according to claim 1,

said laser gas means further comprises a lasex

tube, wherein a lager beam oscillates in said laser tube, and

a _section of said laser tube has an elliptical shape.
27. ' An apparatus according to claim 26,

wherein g minor axis direction of the elliptical shape is
parallel to a microwave introduction direction

' 28. : An apparatus according to _claim 1,

wherein a fre ne "microwave falls within a range -

from'l GHZ to 50 GHz

29. An_apparatus according to claim 1,

further comgrising an igsﬁlating plate for
1nsu1at1ng an 1nter10r of said wmicrowave traveling means from
ag';nterior of said laser gas meansI a thin fluoride film
Reing formed on an uppermost surface of said insulating plate
on a side of said laser gas means .

30. An_apparatus according
to claim 1, wherein a microwave emission gortion-gﬁ said
microwave traveling ﬁeans isg tapered wider Loward said laser
gas_means -

31. _ An_apparatus according
to claim ), wherein a microwave emission portion of said
microwave traveling means has a gap having a width

—_—
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I magi ng optical system and the stage A9 that holds the wafer AS8. - 50 -
IR this apparatus, a narrow band nodule (not shown) is arranged between the
oscillation apparatus Al and the scanning optical —system A'so, the
oscillation apparatus Al itself is of pulse oscill Qut put
Met hod Exanpl e of Exposure Apparatus) |neorder to aﬂmmﬁ{ﬂm m 4“ e of
outgoing light of the continuous em ssion exciner’ Lhen I ow ng
nmet hods may be used.

32. An_ apparatbus according
to claim }, wherein said microwave traveling means comprises

a pair of like microwave traveling means arranged to sandwich

an optical axis therebetween,

33. T ' An apparatug according
to claim 1, wherein an interior of a wavegquide foxr

introducing the microwave is a vacuum ,

34, An_apparatug according
to claim 1, wherein an interior of a wavequide for
introducing ;hg microwave ig a degree of vacuum of 10°% Torr

or less,

35. An_ apparatus:according
to claim 1, wherein an intexrval betweeﬁ a-gair of the
reflection opticalngartg is not more than about 15 cm.
36. _ An apparatus according

to claim 2, furthexr comprising light selection means,
arfanged in an optical path of said optical resonator, for
selecting light to be oscillated; and

control means for controlling said wmicrowave
traveling means to introduce a microwave, and controlling
said light selectibn means to_change light to be selected

when oscillation of an excimer laser is stopped.

—_—
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(1) A cutof f means is arranged outside the 10 exclner. .l aser..device. (2)
The conti ns is turned on/off. fﬁ@m#ﬁ ﬁgﬁgd_(l),

since an exgj : ts Deep WV light, and
15 thosen m mm%“m the cutoff neans is ¢
t he service WiCs ff neans is ghort. Thej}:

nmeans that uses an AO (acoustooptic) el enent havin
characteristics is particularly short. Even when the 20
is cut off, since oscillation continues inside the¥*
systemin the laser is unwantedly danaged, and its servi ce life-is

short ened. 37. N An apparatus according

to claim 36, wherein said light selection means compriseg . a

wavelength selection element for selecting a wavelength, and

said control means controls said wavelength selection elemern

to select a wavelength ‘in a region different from an
oscillation region determined by the excimer laser gas so as

tg sto i ion. e _excim

38. An_apparatus according
to claim 36, wherein said light selection means gomprises a
shutter, and said control means controls said shutter to cut

e e et e i et

off light to be supplied to said laser gas means so as to

stop_oscillation of the excimer laser,

39, ' : An apparatus according
to claim MWWWM
light from the excimer lager, and a spatial filter, Jlocated
at a focal point, for limiting a diverdence angle of the
outgdiné light, |
40. ' An excimer laser oscillation apparatus comprising:
a laser gas means which stores a laser gas

comprising at least one inext gas selected from the
group consisting of Kr, Ar, Ne, and F, gas;

an optical resonator which is made up of a pair
of reflection optical paris arranged to sandwich said
laser gas means therebetween; and

microwave introduction means; having at least one
slot-antenna thexeon, for exciting the laser gas in,
ai aser dga 8.
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I'n met hod (2), in order to forma stable excited state, a certain period of

t Fme

Is required. For this 25 reason, desired continuous oscillation

l'ight cann }RépiA Ial ned. }qrmedl ately after the continuous excitation means

is turned

A ®&<present invention wil mmgmnwm det ai |
below with fthe aid of the {il lustrated epgodi ment. ﬂ ematic

5

di agram of ja jcoB&G JAMEKos¢i |1 ati on eXCI ner |aser acchrdind td
i nventfidn. The exci ngr{l aser conprises a |aser chanber

t he pr esent

a1. An apparatus according to claim 40,
fH;thér comprising a dielectric plate interposed between the

slots of the slot-antenna and said laser gag means.

42, : An apparatus according to claim 40,

further comprising a dielectric member buried in the slots of

the slot-antenna

R ————————————— e O

43, An apparatus according to claim 40,
wherein an interval between adjacent slotsg of the slot-
antenna increases from a center to both ends in an axial

direction of said laser gas means,

44, An_apparatus according to claim 40,

wherein the slot-antenna includes continuous rectangqulaxr

glots, a long side of each slot extending in an optical axis

direétion.
45 An apparatus according to claim 40,

wherein the slot-antenna includes intexrmittent rectangulax

ots. a long side of each slot extending in an optical axis

direction,

46. An excimer laser oscillation
apparatus comprising:
a laser gag means which stores a laser gag

comprising at léa§t one inext gas selected from the group

consisting of Kr, Ar, Ne, and F, gas;

an _optical resonator which is wmade up of a pair of

total reflection prisms arranged to sandwich said lager aas

means therebetween;: and
This maHmB&mRThwd
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101°in which Kr, Ne, and F2 gases are seal ed, an output nirror 102 for
qut putting li ght fromthe |laser, a dielectric nmenber 103 for introducing
m crowaves into the | aser chanber a slot waveguide 104 for guiding 10

m cr owaves generator 105 for supplying mcrowaves. A
wavel engt hHIﬂ'ﬂlﬂﬁl“‘lHﬂMﬁlﬁ% sel ects the_oscillation wavel ength, and is
made up of a nagrifying pr| sm 106-1 whi ch consists of a pair of prisms and

magni fi es the beam spot size, and a 15 diffraction grating 106-2 for
extracting an arbitrary wavel ength. A spatial filter 107 is arranged at the

focal poift position obthg,hoscheshdorkens: Hlam beailicieaplogsanl gaber
system 108 consi sting controls e divergence

angl e of out isNeheans, for exciting the laser gas in said laser gas means,

47. An apparatus according to claim 46,

wherein light coming

from said optical resonator enters said

total reflection prisms at a Brewster andgle.

48. An apparatus according to claim 46,
further comprising at least orne output member for takina out

light in said ogtiéal resonator,

49. An apparatus according to claim 48,
wherein two Jight output members equivalent to said'outgut
member are spaced at a distance corresgonding to an integral

b} of wavelen thé iﬁ aid optical resonatoxr, and

ig i et at a Brewster angle wi

.xesgpect to a_corresponding beam,

50. An apparatus according to claim 48,
wherei aid at one output member comprises a mirror
which is coated with a high-reflection £ilm, and is arranced
to contact a light id | ical reso .

51. An apparatus according to clai

wherein said at least one output member comprises a virism

which is arranged in the vicinity of a total reflection

surface of one of said total reflection prisms and takes out

an evanescent wave,

[ Y
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20  light fromthe laser. A shutter 109 is arr%ser
chanber and the output mrror. A control system.110 controls Iength
selection unit 106, the m crowave generator 105, a

Note that the output mrror 102 and the diffractio muﬁ"mg Eﬂ#méke up a
resonator of the excimer |aser. - 6o {Descri pti‘n cof tOper

M crowaves supplied fromthe n1cromave generator

S2. An excimer laser oscillation apparatus comprising:

a laser gas means which stores a lasexr gas
comprising at least one inert gas selected fro he D
consisting of XKr, Ar, Ne and F, gas;

an optical resonator which is made up of a pair of
reflection ootical parts arranqged to sandwich said laser gas
means therebetween: and

microwave means functionally coupled to said laser
gas_means, fqr exciting the laser gas in said laser gas
means, wherein said microwave means.includes a_portion

- extending parallel to an optical axis of said optical
resonator, .a dista ce be . i tion - i (@)
t otd -axi and the optical axis increasing wherxre a_ beam
spot radius in a direction perpendicular té the optical axis

increases.

53. _An exciwmer oscillation method
comprising the steps of:

gupplving a _laser gas comprising at least one inert

gas gelected from the qroup consisting of Kr, Axr, Ne, and F,
gas_into a laser gas wmeans;

exciting the laser gas _in the laser gas means,

a nged ide of microwaw ve
traveling a microwave into the laser gas means from the
microwave traveling means; and
esonatin ight emitted by the excited lase as
a pair of reflection i
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105 are guided by the slot wavegui de 104, and conti nuously excite an
exciner | aser _gas in the laser 5 chanber 101 via the dielectric menber

03. Light fromthe excited excinmer |aser gas enters the diffraction
gratlng 106- Eu“ "“| |“ﬁ|ng prism 106-1. Only light in a predeternined
wavel ength r m t he dlffq@ctlon grating to the | aser chanber
101 via 10 t he nagnlfylng prism 106-1, and brings about |nduced
excitation em ssion by the excited excinmer |aser gas. The |ight’

sequential |y subjected to induced em ssion while travelling back and forth

in the opti cal reson%%s made up of h%e ULRYL 0L 5 85 102 and ke 15
diffraction gratlng 2, and only éﬁE‘gTggT’TTTT#%?ﬁﬁFEUETET#;ﬂEd“

“ﬁVe|ength SV IRE optical parte are reflection mirrors

1 nce of the reflection mirror on an output s1de

beln not legs than 90%.

55, ' " An excimer laser oscillation method

comprising the steps of:

supplving a_ laser gas comprising at least one inert

as selected from the group consisting of Kr, Ar, Ne, and F

gas into a laser gas means;
| exciting the ldser gas in the Jlaser gag s
introducing a microwave into a laser gas means through a
.slot—anﬁenna; and
fesonating light emitted by the excited lasexr gas

by a pair of reflection-qgtical parts.

56. ' An excimer oscillation methéd
comprising the steps of:

supplying a laser gas cowprising at.least one inert
gas selected from the group consisting of XKr, Ar; Ne.  and F,
gas _into a laser gas means;

exciting the laser gas in the laser das means by
introducing a microwave into the laser gas means: and

regonating light emitted by the excited laser gas

by a pair of total reflection prismsg,

_
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diffraction grating is anplified.  Sonme |ight conponents of the sensitized
li-ght are output via the output mrror 102. 20 The operation for
turning on/off the use of outgoing light fromthe continuous oscillatio

exci mer laser wi'll be explained bel ow. Wen out gm ,l (u Im,r”un”",e
continuous oscillation exciner laser is gut off, t system
110 cl oses the shutter 109 to cut off I7ght com ng fro he" extci fer 1 aser
gas to the output mirror 102 while continuously supplying mcrowaves. Light

57. ' ' A laser oscillation apparatus
a laser gas wmeans which stores a laser gas;
an optical resonator which is made ug of a pair of
reflection optical garté arranged to sandwich said laser gas
lmeans therebetween; and
microwave traveling means functionally coupled to -
aid laser gas means, for exciti the laser gas i ai

laser gas means, wherein said laser gag means i pu
cutside of ‘said microwave traveling means,

58. An apparatus according to claim 57, wherein
said reflection optical pafts are reflection mirrors, a
reflectance of a reflection mirror on an output éide being

not less than 90%, in said optical resonator.

59. A laser oscillation apparatus comprising:

a laser gas means for storing a laser gas;

an optical resonator which is made up of a pair of
reflection optical parts arranged to sandwich said laser gas
means therebetween; and

microwave introduction means, having at least one
slot-antenna thereon, for exciting the laser gas in said

lasexr gas means.
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- 53 - which has been oscillating in the optical resonator ceases to
oscillate, and outgoing' light fromthe continuous oscillation exciner |aser
can be i mediately cut off. 5 When outgoing |ight fromthe
continuous oscillation exciner |laser is used again, the control system 110

opens the j!l“ Hluj c“ll”lml ow | i ght cqmipng fromthe exciner |aser gas to
reach the. whi | e continuously supplying mcrowaves. Light
10 spontaneously énitted by the excimer |aser gas i nmediately stably

oscillates in the optical resonator, and stable outgoing |light can be
obtai ned from the continuous oscillation excimer |aser with hi gh response

60. A laser oscillation apparatus comprising:

a2 laser gas means which stores a laser gas;

an optical resonator which is made up of a pair of
total reflection prismé arranged to sandwich said laser gas
means therebetween; and

microwave means functionally coupled to said laser

gas means, for exciting the laser-gas in said laser gas

means.

61, A laser oscillation apparatus comprising:
laser gas means which stores a lasexr gas;
an optical resonator which is made up of a pair of
reflection optical parts arranged to sandwich said laser gas
means therebetween; and
microwave means functionally coupled to said laser

gas means, for exciting the laser gas in said laser gas

means, wherein said microwave means includes a portion

REPLACEMENT SHEET
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characteristics. 15 Anot her operation for turning on/off the use of
outgoing light fromthe continuous oscillation excinmer |aser will be

expl ai ned bel ow. Wxen outgoing light fromthe CODLLDHQE§~9;§LLL§;LE?
excinmer |laser is cut off, the control 20 systen1110 prv

di ffraction grating 106- 2 while continuoygsly supp . Wth
this operation, light in the predeterm ned wavel e Mm@t ed by
the diffraction grating is changed, and only light*irft

wavel ength region returns to 25 t he | aser chanber 101 via the nagnlfylng

prism 106-1. At thi's tinme, since the changed wavel ength region is
difference fromthe wavelength in the oscillation

extending parallel to an optical -axis of said optical
resonator, a distance between said poition extending along
the optical axis and the optical axis increasing where a beam
spot radius in a direction perpendicular to the optical axis

increases.

62. A laser oscillation method comprising the
steps of: '
supplying a laser gas into a laser gas means;
exciting the laser gas in said laser gas means,
which is arxranged outsgide of microwavé tra&eling means, by
traveling a microwave into said laser gas means from said
microwave traveling means; and

resonating light emitted by the excited laser gas

by a pair of reflection optical parts.

63. A method according to claim 62, wherein said

reflection optical parts are reflection mirrors, a
reflectance of a reflection mirror on an output side being

not less thaﬂ 90%.

64. A laser oscillation method comprising the

steps of:

supplying a laser gas into a laser gas means;

REPLACEMENT SHERT -
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- 54 - region determned by the type of exciner |aser gas, the returned
| kght does not cause induced excitation em ssion by the excited exciner
| aser gas. Hence, light ceases.to oscillate, and the QUtg@lﬁg light from5

the continu mer |aser can be[hapes g}fgﬁ\y diiELoff. This
phenomenon wi || be descri bed bel ow wi t h .Heferen ami=s s orial Iy, the

ggipgnST nghgnﬂmlmﬂl mﬂ’ﬁwmm ggzpecgrh;tg ﬁgﬁati | ned

lerit ed by

exciting the laser gas in said laser gas means by
introducing a microwave into said laser gas means through a
slot-antemna; and

regsonating light emitted by the excited laser gas

by a pair of reflection optical parts.

65, A laser oscillation method comprising the
steps of:

supplying a laser gas into a laser gas means;

exciting the laser gas in said laser gas means by
introducing a microwave into said laser gas means; and

resonating light emitted by the excited laser gas

by a pair of total reflection prisms.

66. An exposure apparatus comprising:

() an excimer laser oscillation apparatus having:

a laser gas means which stores a laser gas
comprising at least one inert gas selected from the group
consisting of Kr, Ar, Ne, and F, gas,

an optical resonator which is made up of a pair of
reflection optical parts arranged to sandwich said laser gas
means therebetween, and

microwave traveling means functionally coupled to
said laser gas means,‘for exciting the laser gas in said |
laser gas meané, wherein said laser gas means is arranged

outside of said microwave traveling means;
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gain curve GCin Fig. 28. At this tine, when light (G in a wavel ength

region ([err]-[err] to [err]+[err]) with a gain enters the excited excimer
| aser gas, it undergoes induced excitation enls r | aser
15 oscillates. On the other hand, when lig in aregion (NG different

from the wayghengtinveRg ounkTer r err err n enters
the excited g *iﬂ,’}ﬂﬁ tase g i ][ E:Ioes] ntg Eaf f e!:ﬂ[lmn”mnuuﬂt"ﬂ
eni ssion, a _exci.m fs@r does not oscillate’ Thi¢ eftbolli tent 20
utilizes thifs ¢ ' ' i i
Osclllatlonle cimer_laser ik o be cut off, the diffraction grating 106-2
sel ects Ilg;t In a region di f§ er ent fronlthe wavel ength region ([err]-[err]

to [err]+[ edelduithtdag gakn light that returns to the | aser

(B) an illumination optical system for
illuminating a patterned reticle with light output from said
excimer laser oscillation apparatus;

(C) an imaging optical system for imaging light
coming from the reticle onto a wafer; and

(D) a movable stage on which the wafer is disposed

and which carries the wafer.

67. BAn apparatus according to claim 66, wherein
said reflection optical parts are reflection mirrors, a
reflectance of a reflection mirror on an output side being

not less than 90%, in said optical resonator.

68.  An apparatus according to claim 66, wherein
said microwave traveling means has at least one slot-antenna

thereon.

69. BAn apparatus according to claim 66, wherein
——
said reflection optical parts are total reflection priéms in

said optical resonator.

70. BAn apparatus according to claim 66, wherein
said microwave traveling'ﬁeans includes a portion extending
parallel to an optical axis of said optical resonator, a

distance between said portion extending along the optical

_HR
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25  chamber. At this time, although the excimer |aser does not OSCI||ate
but -out puts spontaneously enitted |ight, npst - 55_qu@¢ﬁbe~1fnj
of f by the spa ce it has no directiy, *:}ﬁﬁéEV@ .

| i ght fron1the contln tlon exci mer | aser i: gsed agaln'h“
control 5 Ejﬁ e dlffjﬁytlon gratin '
conti nuously su In this case, the i

t
K
sel ects the mavelength in the |

fraction gr at

e VR TN, M

axis and the optical axis increasing where a beam spot radius

in a direction perpendicular to the optical axis increases.

71. An apparatus according to claim 66, wherein
said laser gas means has an inner surface that is .
substantially reflection-free with respect to light of a
desired wavelength, a portion of the inner surface comprising

a fluoride layer.

72, An apparatus according to claim 71, wherein
the fluoride layer consists of one of an FeF, layer on a
stainless steel surface, an NiF, layer on a surface of nickel

plating, and AlF, and MgF, layers on an aluminum alloy.

J3. An apparatus according to claim 71, wherein
said inner surface is substantially reflection~free with

respect to light having a waveléngth of 248 nm.

74. An apparatus according to claim 71, wherein
said inner surface is-substantially reflection-free with

respect to light having a wavelength of 193 nm.

15. An apparatus according to claim 71, wherein
said inner surface is substantially reflection-free with

respect to light having a wavelength of 157 nm.

.

—
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oscillation region, and only light in the selected region returns to the
| aser chanber 101 via the 10 magni fying prism 106-1. The returned |ight
i mredi at el vy _produces..i-hdueed excitati on em ssion by the excited exciner

| aser ga gﬁﬁM%%§M£NTéﬁﬂ§ﬂ}n the opti cal resonato;ﬁﬁlﬂ_%PL§'HQQDELrﬁstabIe
*53 aijned fromthe_gentinuou sciTlation exciner

out goi ng _
Rt B ¢ %@Jﬁ@?@ﬁ apay atus Used in thi s eﬁﬁoam\\nmmﬂm\mus
enbodi neng, g sonat or was used as an opt|€aﬂ-résoﬁator

A reflection- free f|In1mas
resonat or .

fornmed on the inner surface of the optical

76. An apparatus according to claim 66, further
comprising means for supplying the laser gas into said laser

gas means.

77. BAn apparatus according to claim 66, further
cémprising means, Fformed at both ends of said laser gas
means, for supplying the laser gas, and means, formed at the
central portion of said laser gas means, for exhausting the

laser gas.

78.. An apparatus according to claim 66, further
comprising said laser gas supplying means, and means for
forming the laser gas into a laminar flow arranged on an

upstream side of said laser gas supplying means.

79. An apparatus according to claim €6, further

comprising means for substituting the laser gas at high-speed

in said laser gas means.

B80. An apparatus according to claim 66, further
comprising means for circulating the laser gas in said laser

_ gas means.
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surface of the resonator consisted of a fluoride. A jacket-like cooling
devi ce was arranged on the outer surface of the resonator. The upper nost

surface 25

of the cooling device was covered by a heat insulatin

menber, and a nmeans for controlling the tenperature of AP ACTMRGP
water to be Tower than the anbient -. 8P _- tenperaturf :

di ng coolihg wafer was arr
amlr (“]l “ﬂ Ft-‘he opti cal resonator coul
*= € L M 5 = . .

match the t

means, tenp

he D8 JiihiZE0e,

R oo msoramr s trrrnetwosa e
» ——
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81. An apparatus according to claim 66, wherein

the laser gas contains Kr, Ne, and F,, a Kr content falls

‘within a range from 1 to 6 atomic %, and an F, content falls

within a range from 1 to 6 atomic %.

82. An apparatus according to claim 66, wherein
the laser gas contains Arx, Ne, and F,, an Ar content falls
within a range from 1 to 6 atomic %, and an F, content falls

within a range from 1 to 6 atomic %.

83. An apparatus according to claim 66, wherein

. the laser gas contains Ne and F,, and an F, content falls

within a range from 1 to 6 atomic %.

84. BAn apparatus according to claim 66, wherein a
pressure of the laser gas is set to fall within a range from

about 10 Torr to 1 atm.

85. An apparatus according o claim 84, wherein a
pressure of the laser gas is set to fall within a range from

about S50 Torr to 1 atm.

86. An apparatus according to claim 84, wherein a
pressure at an inlet port for laser gas is set to fall within
a range from 1.2 to 1.8 times a pressure at an outlet port.

\\M*_..
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5 ' As a wavegui de, the wavegui de (5-mm high, 10-cm w de oversi ze
wavegui de) shown in Figs. 12A and 12B was used, and its interior was

evacuated t

well, a mag__

eXC|tat|on
reflection-f
fluoride fil
plate. M crg

ﬂlQ,LHQLLJuwIQLLAueveI On the other hand, in this enbodi nent as
’i\'@ﬁEE'b

' med by magnets to aWpl asma

"‘a e 44 was fopnmed with a
i hg of CaF2" Z%d MyF2 o \m‘m ; m‘)
1t he upper nost surface

--~a~ ed by a gyrotron (tradenarre) and the supply

frequency was set a 35 :{he gas conposition was Kr/ Ne/ F2 (3% 92% 5% .

i o A T i Bl WA 4

87. An apparatus according to claim 66, further
comprising means for applying a magnetic field into said

laser gas weans.

88. An apparatus according to claim 87, wherein
said magnetic field applying means comprises an iron-

vanadium-based mégnet.

89. An apparatus according to claim 87, wherein
said magnetic field applying means comprises an Nb-Fe'B

magnet;

80. An apparatus according to claim 66, further

compriging cooling means for cooling said laser gas means.

91. An apparatus according to claim 66, said laser
gas means further comprising a laser tube, wherein a laser
beam oscillates in said laser tube, and a section of said

laser tube has an elliptical shape.

92. An apparatus according to claim 21, wherein a
minor axis direction of the eliiptical shape is parallel to a

microwave introduction direction.

_._._~—-——-——————-——"‘—*‘—’___—_—
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The bressure was set at the atnospheric pressure. 20 Hence, [err] =
4.-5[err], and electrons collide 4.5 tines during one cycle of the

excitation frequency. [err]: collision angul ar frequenqymotmphongnsuLnuLh|s
enbodi ment—fwrt-hermore,—as shown in Fig. 29, gas '”'eﬂhEELAQEHE%UhﬂHhET
were formed bot h end si des of g aser chanberl(-

mﬁiﬁ:;':Uiﬁlllﬂlllfﬂ Nz =3 s P g

o

hnd

| -

This is to al so

93. An apparatus according to claim 66, wherein a
frequency of the microwave falls within a range from 1 GHz to

SO.GHZ.

84. An apparatus according to claim 66, further
comprising an insulating plate ﬁor insulating an interior of
said microﬁave traveling means from an interior of said laser
gas means, a thin fluoride film being formed on an uppermost

surface of said insulating plate on a side of said laser gas

means.

95. An apparatus according to claim 66, wherein a
microwave ‘emission portion of said microwave traveling means

is tapered wider toward said laser gas means.

96. An apparatus according to claim 66, wherein a
microwave emission portion of said microwave traveling means

has a gap having a width corresponding to a frequency of the

microwave.

97. An apparatus according to claim 66, wherein
said microwave means comprises a pair of like microwave
traveling means arranged to sandwich an optical axis

therebetween.

—_—
—
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protect the surface of a light reflection plate on the output end, as
descri bed above. .Mye-spetifii cal |y, since the uppernmost surface of the
light refl@gist """“NT?Sﬁ is coated with, e.g., athin fluoride film it
never reac}s=at F*. (Note that 42: a waveguide —44—an
insulatlngpate hperature contgqol I er, 51: magnets, an

| aser tubej) ! Srgﬁ*g@Pan ejof the Ilghl'?eflectio ﬂu E ﬁ“ﬂ;et at
99% or hi ghd Ln. thi.s—emdodi mrent, the nmagnets 51 ply a
DC magnetic field in a direcflion nearly per pendi cul ar “to the m crowave
electric fib,Lsdg,.wL:hae'«ve‘r"V”s ably starting and mai ntaining discharge. 15
An optical oscillator consisted of a netal

98. An apparatus according to claim 66, wherein an
interior of a waveguide for introducing the microwave ' is a

vacuum.

99. An apparatus according to claim 66, wherein an
interior of a waveguide for introducing the microwave is a

degree of vacuum of 10™ Torr or less.

100. An apparatus according to claim 66, wherein
an interval between a pair of the reflection optical parts is

not more than about 15 cm.

101. An apparatus according to claim 66, further
comprising light selection means, arranged in an optical path
of said optical resonator, for gselecting light to be
oscillated; and

control means for controlling said microwave
traveling means to introduce a microwave, and controlling
said light selection meaﬁs to change light to be selected
when oscillation of an excimer laser is stopped.

102. An apparatus according to claim 101, wherein
said light selection means comprises a wavelength selection
element for selecting a wavelength, and said control means
controls said wavelength selection element to select a '

wavelength in a region different from an oscillation region
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cylinder having an inner dianeter of several mmto several cm The inner
surface of the metal cylinder was coated with a reflection-free

nul tilay e filmwas forned on the upper nost surface of
20 the nder . Seal ed bondi ng between a | at e
31 and th Mﬂi i‘l& ‘al cylinder. g2 in this ﬁ%@@ﬂaﬁft Elfade up
the | aser ned as showmn 1n Fig. 30 Morfe
specifically, the ref } ect [ on pI ate and the nmetal cy "ldefsmmeggcm

press-contact with each other by fastening bolts 34fwhile interposijng a
teflon plate ’

Mmoo Aba TN AW 2 Amms T £ T

determined by the excimer laser gas so as to stop oscillation

of the excimer laser.

103. An apparatus according to claim 101, wherein
said light selection means comprises a shutter, and said
control means controls said shutter to cut off light to be
supplied to said laser gas wmeans so as to stop oscillation of

the excimer laser.

104. An apparatus according to claim 101, further
comprising means for focusing outgoing light from the excimer
laser, and a spatial filter, located at a focal point, for

limiting a divergence angle of the outgoing light.

105. An exposure apparétus comprising:

(A) an excimer laser oscillation apparatus having:

a laser gas means which stores a laser gas
comprising at least one inert gas selected from the group
consisting of Kx, Ar, Ne, and F, gas;

_an opticél resonator which is made up of a pair of
reflection optical parts arrangedlto sandwich said laser gés
means therebetween} and

microwave introduction means, having at least one
slot-antenna thereon, for exciting the laser gas in said

laser gas means;
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- 58 - ring 33a between the light reflection plate 31 and a flange 32a of
the nmetal cylinder 32, and interposing a teflon plate ring 33b and a netal
plate ring 35 between the bolts and the outer surface of the |ight

reflection 5 plate 31. Note that a seal was provided—byan—O7ring: 36.

O course, they may be attached by screv83 «sing a b f the
bolts 34. Upon executing |ight em ssion by the abov&ﬁ!ﬂﬂﬂ &wnﬂiﬁﬂmgement,
conti nuous em ssion having 10 a sufficiently highs eved
When a stepper was built using the continuous em ssion exciner |aser

oscillation apparatus, the

(B) an illumination optical system for
illuminating a pattérned reticle with light output from =aid
excimer laser oscillation apparatus;

(C) an imaging optical system for imaging light
coming from the reticle onto a wafer; and

(D) a movable stage on which the wafer is disposed

and which carries the wafer.

106. An apparatuse according to claim 105, further

comprising a dielectric plate interposed between the slots of

the slot-antenna and said laser gas means.

107. An apparatus according to claim 105, further
comprising a dielectric member buried in the slots of the

slot-antenna.

108. An apparatus according to claim 105, wherein
an interval between adjacent slots of the slot-antenna

increases from a center to both ends in an axial diredtion of

said laser gas means.
109. An apparatus according to <¢laim 105, wherein
the slot-antenna includes continuous rectangular slots, a

long side of each slot extending in an optical axis

direction.
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arrangenment was sinplified and the service life of the lens material and
the li ke was inproved. 15 (Anot her Enbodi nent) When | osses in the
resonator were extrenely elimnated using the apparatus shown in Figs. 21A
and 21B a stably, continuously emtted excinmer |aser beam
could be o For exanplgd - the | aser gas pressure was set
at 65 Tor ‘im @\m\umrgy | osses caused by the gas to 1% In addition,
a stable was censiructed by setting the reflectance of one

reflection mrror at 100% ahnd that of the output-side reflection mirror at

25 99.5% or higher. Wth this arrangenent, the gain required for |aser
oscillation could be set at 2% or

am———

110. An apparatus according to claim 105, wherein
the slot-antenna includes,interﬁittent rectangular slots, a
long side of each slot extending in an optical axis

direction.

11l1. An exposure apparatus comprising:

(A) an excimer laser oscillation apparatus having:

a laser gas means which stores a laser gas
comprising at least one inert gas selected from the group
consisting of Kr, Ar, Ne, and F, gas;

an optical resonator which is made up of a pair of
total reflection prisms arranged to sandwich said laser gas
means therebetween; and

microwave means functionally coupled to said laser
gas means, for exciting the laser gas in said laser gas
means ;

(B) an illumination optical system for
illuminating a patterned reticle with light output from said
excimer laser oscillation apparatus;

(C) an imaging optical system for imaging light
coming from the reticle onto a wafer; and

(D) a movable stage on which the wafer is disposed

and which carries the wafer.
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hi gher (reciprocal), and was larger than |losses. - - 59 - Wen m crowave
energy of 35 GHz is used and the pressure in the |aser tube is set at 60

Torr, since |osses by the gas slightly increase, the_LﬁLLgEL%ﬂEE_ﬂinge
output-side reflection mrror is preferably set at 99. 9% or

The invention nmay be enbodied in other s?§0|f|c formﬂm |ng
fromthe spirit or essential characteristics thereo ﬂ f"m

enbodi ment is therefore to be considered in all respects as

112. An apparatus according to claim 111, wherein
light coming from said optical resonator enters said total

reflection prisms at a Brewster angle.

113. An apparatus according to claim 111, further
comprising at least one output member for taking out light in

said optical resonator.

1l4. An apparatus according to claim 113, wherein
two light output members equivalent to said output member are
sPaced'at a distance c@rresponding to an integral number of
wavelengths in said optical resonator, and one of said two
light output members is set at a Brewster angle with respect

to a corresponding beam.

115. An apparatus according to claim 113, wherein
said output member comprises a mirror which is coated with a
high-reflection film, and is arranged to contact a light beam

of said optical resonator.

116. An apparatus according o claim 113, wherein
said output member comprises a prism which is arranged in the
vicinity of a total reflection surface of one of gaid total

reflection prisms and takes out an evanescent wave.
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10 illustrative and not restrictive, the scope of the invention being
I-ndi cat ed by the appended clains rather than by the foregoing description
and all changes which come within the neani ng and range of equival ency of
the clains are therefore intended to be enbraced therein. VWHAT | S
CLAIMED I'S: 1. An excinmer |aser oscillggion apparatus conprising: a |aser

gas HWH“N I | aser gas conprising at | east one inert gas
sel egﬂmﬂl ﬂmlml) consisting of Kr, Ar, Ne and F2 gas; an optical

resonator ‘whitch®i s® metde jup of a pair of

117. An exposure apparatus qomprising:

(a) an excimer laser oscillation apparatus having:

a laser gas means which stores a laser gas
comprising at least one inert gas selected from the group
consisting of Kr, Ax, Ne, and F, gas;

an optical resonator which is made up of a pair of
reflection optical parts arranged to sandwich said laser gas
means therebeéween; and .

microwave means functibnally coupled to said laser
gas means, for exciting the laser gas in said laser gas
means, wherein said miérowave medns includes a portion
extending along an optical axis of said optical resonator, a
distance between said portion extending along the optical
axis and the optiCal axis increasing where a beam spot radius
in a difection pérpendicular to the optical axis increases;

(B) an illumination optical system for
illuminéting a patterned reticle with light output from said
excimer laser oscillation apparatus;

| (C) an imaging optical system for imaging light

coming from the reticle onto a wafer; and

(D) a movable stage on which the wafer is disposed

and which carries the wafer.
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reflection optical parts arranged to sandw ch said | aser gas neans

ther ebet ween; and m crowave neans functlonally coupled to said | aser gas
nmeans, for exciting the |aser gas in said | aser gas neans, wherein said

m crowave nmeans includes a portion extending parallel to an optical axis of
said optical resonator and said portionggextending along the optical axis
has a shape corresponding to the |ight TTtensity distribution. 2. A |aser
oscillation apparatus conprising: a |aser gas nmeans which stores a | aser
gas; an optical resonator which is made up of a pair of reflection optical
parts arranged to sandw ch said | aser gas neans therebetween; and m crowave

means functmmm}jw IQMWAR exbd L Igar TbN aSefARQAaYS AND METHOD, EXCIMER LASER
EXPOSURE APPARATUS, AND LASER TUBE

ABSTRACT OF THE DISCLOSURE
This invention relates to an excimer laser

oscillation apparatus which has a laser chamber which
stores a laser gas containing a gas mixture of at least

5 one inert gas selected from the group consisting of Kr,
Ar, and Ne, and F, gas, and in which an inner surface
thereof has a reflection~-free surface with respect to
light of a desired wavelength of 248 nm, 193 nm, or 157 .
nm, and the uppermost surface of the innér-surface

10 conéists of a fluoride, an 6ptical resonator which is
made up of a pair:éf reflection mirrors arranéed to
sandwich the laser chamber therebetwgeﬁ, and in which
thé-réflectance of the réflection mirror on the output
side is 90% or more and microwave introduction means,

15 .arranged on the laser chamber, for continuously

exciting the laser gas in the laser chamber.

Figure 8
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means, for exciting the Iaser gas in sald Iaser gas neans, wherein said

m ¢crowave means includes a portion extending parallel to an optical axis of
said optical resonator and said portion extending along the optical axis
has a shape corresponding to the light intensity di stributi-or—3—an:
exposure apparatus conprising: (A an excimer |aser LEBPLA@ENﬁﬂ{T"aﬁw‘
havi ng: a | aser gas neans which stores a |l aser gas c “Teapt;
inert gas selected fromthe group consd 526ng of Kr,
optical resonator which is nade up of a pair of refl
arranged to sandwich said |aser 7E§I2§fns t her ebet wegnij
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m crowave nmeans functionally coupled to said | aser gas neans, for exciting
the |l aser gas in said | aser gas neans, wherein said m crowave neans
i ncl udes a portion extending along an optical axis of said optical

resonator and said portion extending al ong the OptiCa‘REFEAKEEﬂENH‘EHEEP

corresponding to the light intensity distribution.
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WHAT IS CLAIMED IS: | QHULT-1 1P

1. An excimer laser oscillation apparatus comprising:

a laser gas means which stores a laser gas comprising
at least one :I.nert'gas selected from the group consisting of Kr,
Ar, Ne and F, gas;

an optical resonator v}vhich is made up of a pair of
reflection optical parts arranged to sandwich said laser gas
means therebetween; and

microwave means functionally coupled to said laser gas
‘means ; for exciting the iaser gas in said laser gas means,

\ wherein said microwave means includes a portion extending
parallel to an optical axis of said optical resonator and said
portioﬁ extending along the optical axis- has a 'shape
corresponding to the light intensity distribution.

2. A laser oscillation apparatus comprising:

a laser gas means which stores a laser gas;

an optical resonator which is made up of a pair of .
reflection optiéal parts arranged to sandwich saild laser gas
means therebetween; and ) |

microwave means functionally coupled to said laser gas
means, for exciting the laser gas in said laser gas means,
wherein said microwave means includes a portion extending

S parallel to an optical axis of said optical resonator and said

portion extending alorgq the optical axis has a shape
corresponding to the light intensity distribution.

3. An exposure apparatus comprising:

(A) an excimer laser oscillation apparatus having:

a laser gas means which stores a laser gas comprising
at least one inert gas selected from the group consisting of Kr,
Ar, Ne, and F, 'gas} |

an optical resonator which is made up of a pair of
reflection optical parts arranged to sandwich said laser gas
means therebetween; and



* c L M S * .

microwave means functionally coupled to said laser gas
means, for exciting the laser gas in said laser gas means,
wherein said microwave means includes a portion extending along

an optical axis of said optical resonator and said portion

extending along the optical axis has a shape corresponding to the
light intensity distribution.
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- EXCIMER LASER OSCILLATION APPARATUS AND METHOD, EXCIMER LASER

EXPOSURE APPARATUS, AND LASER TUBE
ABSTRACT OF TﬁE DISCLOSURE
This invention relates to an excimer laser
oscillation apparatus which haé'a laser chamber which

stores a laser gas containing a gas mixture of at least

one inert gas selected from the group consisting of Kr,

Ar, and Ne, and F, gas, and in which an inner surface
thereof has a reflection-free surface with respect to
light of a desired wavelength of 248 nm, 193 nm, or 157
nm, and the uppermost surface of the inner-surface
consists of a fluoride, an 6ptical resonator which is
made uﬁ of a pair of reflection mirrors arranééd to
sandwich the laser chamber therebetween, and in which
the reflectance of the reflection mirror on the output

side is 90% or more and microwave introduction means,

.arranged on the laser chamber, for continuously

- exciting the laser gas'in the laser chamber.

Figure 8
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