SPECI FI CATI ON Laser plasma EUV |ight source, target nenber,
production nmethod for target nenber, target supplying nethod, and
EUV exposure system Technical Field | The present invention concerns
a laser plasnma EUWV |ight source, target nmaterial ideal for use in an
EUV exposure apparatus (al so known as an extrene ultraviolet
exposure apparatus, and it refers to an exposure apparatus using
ultraviolet Iight of wavel ength under 150 nmin the specification and
clainms), tape mterial, a nethod of producing target material, a

met hod of providing targets, andSPRTCIEIADI{POSUr e appar at us.
Background Art In recent years, projection |lithographic technol ogy
using EWV light having a shorter mavelength (11 to 14 nm than that
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EUV (Extrene UItraV|oIet) | ithography. It is expected to be

t echnol ogy capabl e of providing resolution under 70 -1 nmthat had
been i npossible with conventional optical |ithography using a |ight

source of 190 nm wavel ength. The conplex refractive index n of
substance in the wavel ength range of EUWV

Technical Field

The present invention concerns a laser plasma EUV light source, target
material ideal for use in an EUV exposure apparatus (also known as an extreme
ultraviolet exposure apparatus, and it refers to an exposure apparatus using
ultraviolet light of wavelength un_der 150 nm in the specification and claims), tape
material, a method of producing target material, a method of providing targets, and

an EUV exposure apparatus.
Background Art

In recent years, projection lithographic technology using EUV light having a
shorter wavelength (11 to 14 nm) than that of conventional ultraviolet light has been
developed to enhance the resolution of optical systems that are limited by the
diffraction limit of light accompanying miniaturization of semiconductor integrated
circﬁits. This technology in recent years has been called EUV (Extreme Ultraviolet)

lithography. It is expected to be technology capable of providing resolution under 70



light is represented by n = 1-6-ik (i is the conplex notation).
‘Imaginary part kin this refractive index represents extrene

ul traviol et absorption. Since 6 is far snaller than 1, the real part
of the refractive index in this range is very close to 1.

Furthernore, since k has a finite value in all substances, absorption
must take place. Accordingly, an optical systemthat uses reflection
is used since a transparent refractive optical conponent |ike a
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conprising arl slcpm@rlex Fetpactive 3 PR o %ﬁtaéﬁa 1@%6 werelemelh ggage Pt RHV
di sclosed in the gazette of Japanese Kokai Publlcatlon
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kight fromthe surface |Ilun1nant is polarized by plate -2 mrror 36,
fol | owedeerrdinglrman ortisnl sstemshghtise reflestign aiaéaedo SINGArR B RIRLIEBYi on
on mask M (a depiction of the perforated plate used to formthe are
shaped réfiractivea¢ptocal component like a conventional lens cannot be used.

Figure 11 presents an outline of the EUV exposure apparatus. EUV light 32
discharged from EUV light source 31 is incident to illumination optical system 33. It
forms a virtually parallel luminous flux via concave mirror 34 that acts as a
collimator mirror. It is then incident to optical integrator 35 comprising a pair of
fly-eye mirrors 35a and 35b. The fly-eye mirror disclosed in the gazette of Japanese
Kokai Publication Hei-11-312638, for example, can be used as the pair of fly-eye

( mirrors 35a and 35b. The detailed structure and function of the fly-eye mirror are
explained in further detail in the gazette of Japanese Kokai Publication
Hei-11-312638, and their explanation is omitted here since it is unrelated directly to
the present invention.

A surface illuminant having a predetermined shape is formed near the
reflecting surface of second fly-eye mirror 35b, specifically, near the emission surface

of optical integrator 35. Light from the surface illuminant is polarized by plate



region is omtted). Light fromthe pattern on mask Mfornms an i nmage
of the mask pattern on wafer Wvia projection optical system PL
conprising a plurality of mrrors (six mrrors M to M6 shown in
Figure 11). The optical systemusing such mrrors has a ring-shaped
proj ection exposure field in which only aberration at a specific

i mage height is conpensated since it cannot conpensate for overal
aberration in the broad exposure field. The mask and wafer are

scanned niiRreiY3E: B 10V Edtbi, 2enRitGorL 3PS5 EBneh e afc SRafHl ﬁﬂﬁflg?%tﬁﬁi&giso&%n

cannot be exposed at once in a projection éxposure fie avi ng

s the P Eedpbon Y S Pttt P GG bERLE PR s Rl e St bion

multi-layer filmis formed on a substrate, and. the phase of very
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overl apped to obtain high reflectance. Reflectance of 67.5% at
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an .wafer are scanned in synchronization and exposed since a 30 mm square chip cannot
be exposed at once in a projection exposure field having such a ring shape.

A multi-layer film reflecting mirror is generally used as the reflecting mirror
in such an EUV exposure apparatus. A multi-layer film is formed on a substrate, and
the phase of very weak reflecting light at the interface is aligned and multiply
overlapped to obtain high reflectance.

Reflectance of 67.5% at perpendicular incidence can be attained by using an

( Mo/Si multi-layer film in which a molybdenum (Mo) layer and a silicon (Si) layer are
alternately laminated in the wavelength region near 13.4 nm while reflectance of
70.2% at perpendicular incidence can be attained by using an Mo/Be multi-layer film
in which an Mo layer and a beryllium (Be) layer are alternately laminated in the
wavelength region near 11.3 nm.

In light source which is commonly used as EUV light source 31, laser light is

irradiated on target material as excitation light to convert the target material into



EUV light source is discussed in the gazette of Japanese Koka
Publ i cati on 2000-56099. The use of Xe plasma (as both the | aser

pl asma |ight source and the discharge plasnma |ight source) has been
extensively researched and devel oped as the EUV light source of 13.5
nm wavel engt h used in an EUV exposure apparatus. The reasons are

that a conparatively high conversion efficiency (proportion of EW
light intensity attained relative to input energy) can be attained
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tenpera?gp "3609Pdeal pl asma for efficient generation of EUV |ight,

and 50 eV is ideal. The electron tenperature rises with increase in
the irradi alhemsernftesplaymef(ab hoth the iser plrema hight sqirte sndithe discharge
| aser plasma. The electron tenperature rises excessively and X-rays
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|(| m ted a?t%ixge?(f rglgi?igg l’ég iép?&togryegéy)ogalf kr)]e? attained and that no problems arise
associated with debris since the material is gaseous at ambient temperature.
However, there are limits to how high a conversion efficiency can be realized because
Xe is a gas, and the use of Sn as target material is known to be effective in attaining a
higher conversion efficiency.

There is an electron temperature of ideal plasma for efficient generation of

EUV light, and 50 eV is ideal. The electron temperature rises with increase in the
ifradiation intensity of laser light when the light source is laser plasma. The electron

( ) temperature rises excessively and X-rays of short wavelength are generated when
the irradiation intensity is too high, thereby lowering the conversion efficiency from
laser light to EUV light. Accordingly, there is an ideal laser irradiation intensity,
which is about 101'W/cm?2.

The laser spot diameter must be increased to elevate the EUV light output

while retaining the ideal light irradiation intensity.



cross-sectional area of a lumnous flux and the solid angle). Etendue
is the quantity retained in an optical system Wen the product of
the size (area) of the |ight source and the capture solid angle of a
convergence optical system exceeds the etendue of a convergence _
optical system the excess portion of EW light cannot be captured in
the optical systemand is wasted. Consequently, a maxi mum allowabl e
| evel of the size of the light source exists. f Accordingly, setting
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would be effective in maximumizing the output of an effective EUV light. For
example, if the numerical aperture (NA) of a projection optical system were 0.25 (sin
0= 0.25, or 0.2 st when converted to a solid angle), the exposure field size were 2 mm
x 25 mm, and the 8 value of illumination were 0.5, the etendue of this optical system
would be 2 x 25 x 0.2 x 0.5 = 5 mm?2sr.

Assuming the capture solid angle of the convergence optical system to be 7 and
the allowable light source size to be 5/7 = 1.6 mm2, then the maximum allowable

( diameter of the light source would be 1.4 mm.

On the other hand, debris is a serious problem in an EUV light source using
plasma. The reflectance falls markedly when debris adheres to the-surface ofa
condenser mirror. Typical debris includes fragﬁents of target material, large
particles that solidify after once dissolution, ions generated in plasma, and neutral
pérticles of atomic shape that have lost their charge due to the charge exchange

collision of ions, and debris is found in various sizes.



The so-called Ilimted mass target is an effective nethod of
inhibiting debris conprising fragnents of target material and |arge
particles that solidify after once dissolution. This is a nethod
that uses mnimum material required for generating plasma. |f al
target material could be converted into plasma (ionized), the debris
that was finely deconposed into atom c shape, including the neutral
particles of atomc shape that have |ost their charge due to the
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Examination of the thickness of target material required to form plasma
following irradiation of laser light on a target confirmed a thickness under 100 nm to
be adequate. Consequently, the providing of extremely flat target material of 100 nm
thickness with a diameter of 1 mm (a value smaller than the 1.4 mm maximum
diameter of the allowable light source) that is perpendicular to the incident direction
of laser light would be effective in maximizing the EUV output while holding down

\ ‘\ the amount of debris generation in a laser plasma light source.

However, nothing that satisfies these requirements has been available in
target providing methods considered to date. At present, the jet target method and
the droplet target method are the methods of providing targets considered to be
effective in inhibiting debris.

The jet target method is a aspect in which liquid target material is

continuously sprayed in a vacuum from a nozzle to continuously provide an elongated



-6 columar target that is solidified instantly due to adiabatic
expansion. The droplet target nmethod is a aspect in which target
material is continuously sprayed froma nozzle to continuously
provide target material that is spherical due to surface tension

The target dinensions of these did not differ between the irradiation
direction of laser light and the perpendicular direction in either
target nmethod, and the extrenely flat ideal target shape was not

obt ai nedoludcar tirggt thattiheobdifiedantangbt duc tuhdiabatic bepoyiver Tad droplet
pl asma and the problens of residue generation due to debris could
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pl asma %UV. | i ght source, a nethod of producing target material, a
met hod 6f2PPBvi ding targets, and an EUV exposure apparatus that uses
such an EUWV light source. The first aspect for resolving the issues
is a laser pllfhstargidiniegisionsafthese didatotcafferheseasn thatpadiativn Sukttion
light that is generated through plasm conversion follow ng
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( could not be converted into plasma and the problems of residue generation due to

debris could not be avoided.
Disclosure of the Invention

The preseﬁt invention was devised in view of these circumstances. The
objective is to provide a laser plasma EUV light source that can output EUV light of
adequate magnitude, target material that can be used in such a laser plasma EUV
light source, a method of producing target material, a method of providing targets,

and an EUV exposure apparatus that uses such an EUV light source.

—

The first aspect for resolving the issues is a laser plasma EUV light source
that captures as output the EUV light that is generated through plasma conversion
following irradiation of a target with laser light, wherein the target is a plate-shaped
target having dimensions that are virtually equal with the convergent beam
diameter of the laser light.

The power of the convergent light is effectively utilized, the conversion

efficiency is elevated, and debris generation can be reduced in this aspect since a
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efficiency is elevated, and debris generation can be reduced in this
aspect since a -7 plate-shaped target having dinensions that are
virtually equal wth the convergent beamdianeter of laser light is
used as the target. Virtually equal neans that the size such that the
debris generated poses no problens and it refers to the size in the
range of 0.5 to 1.5-tinmes the convergent beam dianeter of the |aser
light. If the target is not round, the size of the circunscribed
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The second aspect for resolving the issues is the light source of the first aspect
in which the thickness of the plate-shaped target is not more than 1000 nm.
Virtually the entire target can be converted into plasma with little residue as a
result of setting the target thickness at no more than 1000 nm, which thereby
reduces the amount of debris generated.
The third aspect for resolving the issues is the light source of the second aspect
in which the thickness of the plate-shaped target is not more than 100 nm.

( \ Virtually the entire target can be converted into plasma with virtually no
residue as a result of setting the target thickness at no more than 100 nm, which
further reduces the amount of debris generated.

The fourth aspect for resolving the issues is the light source of any of the first

to third aspects in which the shape of the plate-shaped target is circular viewed from

the direction of EUV light output.



the direction of EUV |ight output. -8 EUV |light can be regarded as
bei ng generated froma circular |ight source since the shape. of the
pl at e-shaped target is circular when viewed fromthe direction of
ELN [ight output in this aspect, and it can easily be handled in
optical systens subsequently. The fifth aspect for resolving the
issues is the light source of any of the first to third aspects in
which the material of the plate-shaped target is Sn or materi al
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targets. The sixth aspect for resolving the issues is the target used
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aspects in which the plate-shaped target is held against tape by a

suppor t stukydlgeently. a hol e of the tape. The pl ate-shaped target can be
easily provided and a very thin plate-shaped target can be provided
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hol e ofm%ngn;%gionulﬂhmmt%ggﬁ& can be used as the sixth aspect.

(; ] Sn is ideal material because of its good conversion efficiency of EUV light
having short wavelength of approximately 13.5 nm, and while it has a IOVQ melting
point and is not very hard, it can easily be used to form very thin plate-shaped
targets.

The sixth aspect for resolving the issues is the target used in the laser plasma
EUV light source of any of the first to fifth aspects in which thé plate-shaped target is
held against tape by a support member in a hole of the tape.

The plate-shaped target can be easily provided and a very thin plate-shaped

( target can be provided at a stable position since the plate-shaped target is fixed in
place against tape by a support member in a hole of the tape.

The seventh aspect for resolving the issues is tape material in which the
plate-shaped material is held against tape by a support member in a hole of the tape.
This aspect can be used as the sixth aspect.

The eighth aspect for resolving the issues is the target used in any of the laser

plasma EUV light sources of the first to fifth aspects in which the plate-shaped target



The ei ghth aspect for resolving the issues is the target used in any
of the laser plasma EUV |ight sources of the first to fifth aspects
in which the plate-shaped target -9 that is connected by narrow
material identical with that of the plate-shaped target is adhered
to tape having a | adder shape. The pl ate-shaped target is | ocated
between the rungs of the | adder-shaped tape and the narrow materi al
is located in the rung sections of the | adder-shaped tape. The

pl ate-s ed target ,can bhe easily. provided apnd.a very thin .
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bet ween the rungs of the | adder-shaped tape and the narrow nmaterial
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aspect can be used as the eighth aspect. The tenth aspect for
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Eosi t i opldta-shhipsd aspecial Abatwslcbnnected by narrow material identical with that of the

plate-shaped material is adhered to tape having a ladder shape. The plate-shaped
material is located between the rungs of the ladder-shaped tape and the narrow
material is located in the rung sections of the ladder-shaped tape.

This aspect can be used as the eighth aspect.

The tenth aspect for resolving the issues is the targef used in any of the laser
plasma EUV light sources of the first to fifth aspecfs in which target material is
adhered to tape, wherein holes are opened at fixed intervals in the tape, tape from

( the opened sections remains removed, and the target material at the sections
comprises the plate-shaped target.

The plate-shaped target can be easily provided and a very thin plate-shaped
térget can be provided at a stable position in this aspect as well.

The eleventh aspect for resolving the issues is the tape material to which
material is adhered. Holes opened at fixed intervals therein and tape from the

opened sections remain removed.
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The el eventh aspect for resolving the issues is the tape material to
which material is adhered. Hol es opened at fixed intervals therein
and tape fromthe opened sections renmain renoved. -10 This aspect
can be used as the tenth aspect. The twelfth aspect for resolving the
issues is the target or tape material of any of the sixth to

el eventh aspects in which the tape is polyimde resin. Polyimde
resin does not suffer danage even if nolten Sn shoul d adhere since
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Therefore, tape “rupturé an earing can pe prevented. The thirteenth
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t he disc-ﬁhape Ear et can be sugggrted by a support nenber and
fixed t buPHECPIE AR §25LPs REVER @5 pect for resol ving the issues is

t he net hod of producin target of the eighth aspect in which tape
with depr esslggdhadeeniily aspeqt tor resoluns thetlayuesiis a methodmfmaadasing the -
Earget material that conprises a filmis deposited on the

target of the sixth aspect in which a hole is formed in tape, a support member is

formed in the hole so as to be supported by the tape, molten target material is
dropped onto the support member and solidified, followed by pressing the solidified
target material to a predetermined thickness.

The target material becomes virtually spherical due to surface tension when
molten target material is dropped onto the support member and solidified in this
aspect. A very thin disc-shaped target can be completed by pressing. Moreover, the
disc-shaped target can be supported by a support member and fixed to the tape.

(7' , The fourteenth aspect for resolving the issues is the method of producing
target of the eighth aspect in which tape with depressions established at fixed
intervals is prepared and target material that comprises a film is deposited on the
side of the tape without depressions, after which the target material that is
connected by narrow material identical with that of the plate-shaped target is shaped
by etching, followed by reducing the thickness of the tape by etching and opening a

hole in the depression of the tape.
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side of the tape w thout depressions, -after which the target materi al
that is connected by narrow material identical with that of the

pl at e-shaped target is shaped by etching, followed by reducing the

t hi ckness of the tape by etching and opening a hole in the

depression of the tape. -11 The fifteenth aspect for resolving the
issues is a nethod of producing target of the tenth aspect in which
tape with depressions established at fixed intervals is prepared and
target mat er Tale fifseatahosipbetdfon meddieingitiie iafuek e atragdodiof peoducing target of
depressions, after which the thickness of the tape is reduced by

et chi ng tRade @R ct fn AREALthpewithRlepdORiBRS0ibIRh-lNE f:3R8ntdRAls is
si xteenth aspect for resolving the issues is the nmethod of providing

' I .1 ght : f f.the first.

Lot 1 ¢ ROl Al BECha P BRR abllcs|ltin AU eigfé%lleff%ﬁaﬁveghoﬁede'géiwon&
. ier. d ed f , .. The. . )

oot o SREgaa ek Gt Huighnges e Fuerodediel bosvbrapea folnis enpdiathe

light while in a stable position by this aspect. The seventeenth
aspect flepresemul o thy tepe- | ssues is the method of providing the
target in the laser plasma EWIight source of any of the first to
fifth aspect Thenivfeeath aspdtofa Rsblving thalsedeiRtheasétholl df@oviding the
pl at e-shaped targets is sprayed fromthe nozzle by the vibrating

~force. ThephatRs B@P 9%,&1?5[ BEIV G2R: qulreé foéx%ﬁ;% Rk gf;?ﬁ]o%ﬂﬁ%ggétlg % which

poi nt of laser |ight ile in a stable posi IS asp
( individual plate-shaped targets are each conveyed on a carrier gas and sprayed from
a nozzle.

The plate-shaped target can be provided at the convergence point of laser light
while in a stable position by this aspect.

The seventeenth aspect for resolving the issues is the niethod of providing the
target in the laser plasma EUV light source of any of the first to fifth aspects in which
a nozzle is vibrated and each of the plate-shaped targets is sprayed from the nozzle
by the vibrating force.

( ' The plate-shaped target can be provided at the convergence point of laser light
while in a stable position by this aspect.

The eighteenth aspect for resolving the issues is the method of providing the
target in the laser plasma EUV light source ‘of any of the first to fifth aspects that
uses the target of the sixth aspect, eighth aspect, or tenth aspect in which the tape is
wound from a tape rewind apparatus about which the tape is wound to a tape

winding apparatus that winds the tape, and the plate-shaped target is provided to
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The ei ghteenth aspect for resolving the issues is the nethod of
providing the target in the |aser plasma EUV |ight source of any of
the first to fifth aspects that wuses the target of the sixth aspect,
ei ght h aspect, or tenth aspect in which the tape is wound froma

tape rew nd apparatus about which the tape is wound to a tape

wi ndi ng apparatus that w nds the tape, and the plate-shaped target is
provided to -12 the convergence point of laser light that is

posi t i ohbel chetangence heint efiasdr dighathatus poaittbneddehivaei hige appiadadpmrhius
wi ndi ng the tape. The pl ate-shaped target can be provided at the
conver gendethpovitding appaeituk bghtindwil {1 dapea Stable position by this
aspect. The nineteenth aspect for resolving the issues is an EW
exposure app t ) rETo\A I | .
sources of t ?&gfélrgtset Elﬁ%ﬁ%d:‘t%? ¢ as pe}g{ %Itoggietdﬁ%%ﬁe%ﬁ?é%gur c%%lh? Q{i‘haeser light
t hr oughput., of ex ure is enhgnced in this aspect since high EU

out put Q‘fli’sﬂeo]ﬁi %Fﬁag“ie §ﬁaltk°6’ﬁlfyaﬁ}lﬁ3ﬁ’ “of the optical systemby debris

i s reduced, thereby prolonging the maintenance cycle of the

appar at us and hegdetasgth sepekifpr tasahipe thoissyes By e UL prperre eppetfatus
the Drawm ngs Figure 1 is a drawi ng that shows a di sc-shaped target
used i nthheusesary of denaserbilsniadhVdightceurdesafi¢the kaspbdifoh agets as the
enbodi ment of the present invention. Figure 2 is a drawi ng that shows
the net Migtt@bufeovi di ng di sc-shaped target 1 to the laser plasma EW
| i ght source in the first enbodi nent of the present

( B The throughput of exposure is enhanced in this aspect since high EUV output
is obtained and contamination of the optical system by debris is reduced, thereby
prolonging the maintenance cycle of the apparatus and reducing the maintenance

costs.
Brief Explanation of the Drawings

Figure 1 is a drawing that shows a disc-shaped target used in the laser plasma
EUV light source in one example of the embodiment of the present invention.

Figure 2 is a drawing that shows the method of providing disc-shaped target 1

o
; 3

to the laser plasma EUV light source in the first embodiment of the present
invention.

Figure 3 is a drawing that shows the method of capturing EUV light.

Figure 4 is a drawing that shows the method of providing disc-shaped targets

in a laser plasma EUV light source in the second embodiment of the present

invention.
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invention. Figure 3 is a drawing that shows the nmethod of capturing
EUV light. Figure 4 is a drawi ng that shows the nethod of providing
di sc-shaped targets in a |laser plasma EUV |ight source in the second
enbodi ment of the present invention. -13 Figure 5 is a draw ng that
shows the tape target used in the |aser plasma EUV |ight source in
t he second enbodi nent of the present invention. Figure 6 is a draw ng
t hat shows one exanple of the nethod of producing tape targets shown

in Figure 5. gEigure: 7. | - dr.aw . '
the 1 aser pi derateh™ et %%%%%%%@2%%%%%%%8@?&%‘%#@%& : EOV
present _inyention. Fiqure i . draw t hat shows one example o

Phe: ot Het spotseqm b e tubenbe SR O e mctn BRI Figure © i s

a drawing that shows the tape target used in the |aser plasm EUV

i ght sour ce Figuter@isse demuingnibedisheyis oae exaply elsthetmehodmfingpaducing tape
Figure 10 is a drawi ng that shows one exanple of the nethod of

pr oduci ngrgetapbowarngdtigushdwn in Figure 9. Figure 11 is a draw ng
that shows an outline of the EUV exposure apparatus. Best Mde for

| mpl ement i ng Bt fiere! T‘i’s%&f%n?’cﬁa?@p&gé RMapeftatdit REGSLBhe 1RUEPIdHL BBV
expl ai ned bel ow using the rawi ngs. Figure 1 1s a draw ng that shows

an examPiIg%t ggu}cgqntt%'é%%aoﬁ{f gx%bb@nﬁ@net of the present invention.

Figure 8 is a drawing that shows one example of the method of producing tape
targets shown in Figure 7.

Figure 9 is a drawing that shows the tape target used in the laser plasma EUV
light source in the second embodiment of the present invention.

Figure 10 is a drawing that shows one example of the method of producing
tape targets shown in Figure 9.

Figure 11 is a drawing that shows an outline of the EUV exposure apparatus.

Best Mode for Implementing the Invention

( k The embodimeht of the present invention is explained below using the
drawings. Figure 1is a drawing that shows an example of the target used in the
laser plasma EUV light source in the first embodiment of the present invention.
Target 1 is a disc-shaped target of 1 mm diameter and 100 nm thickness made of Sn.
The mechanical strength falls if the thickness is under 100 nm, the target is easy to
break and it is difficult to handle the target. The thickness may be increased to
impart adequate mechanical strength but holding the thickness under 1000 nm is

ideal from a viewpoint of debris removal.
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| aser plasma EUV |ight source in the first enbodi nent of the present
invention. Target 1 is a disc-shaped target of 1 mm di aneter and 100
nm t hi ckness made of Sn. The nechanical strength falls if the

t hi ckness is under 100 nm the target is easy to break and it is
difficult to handle the target. The thickness may be increased to

i npart adequate nechanical strength but hol ding the thickness under
1000 nmis ideal froma viewoint of debris renoval. -14 Figure 2 is

a drawing that sh the nethod. o rovi di i sc-shaped, .t arget in
fhe Taser pl SUpRCER 1 FERT TRy teL ho e fife tePtled oERirdiRRE s ied tareet 1
present . invention. Disc-shaped target 1 is sprayed from nozzle 2

that hadn shejaser pfagrey E%é@ﬁ)ﬁ seurgsdnithe dirptaprmbadingentind the peesent
direction. Disc-shaped target 1 is conveyed on a gas stream He gas

i s usedimverthins BicamgblapedNorgdtd i2 speyydoefroimbiaizid2 blyatehgs £2ht-shaped
apparatus to spray disc-shaped target 1. Target 1 that is sprayed

from noagkgute hadGhasrdtiRdiinthei@éd @hedRH. tDRO—hahad fhrget 1198%oMdyRd on
its direction unchanged since the exterior of nozzle 2 is maintained

in a hi A 4%Eg1 j i %g;iv f [ =1 l.se .

| aser | i%%}ts S%Po 1 .}%Q%{S\%g\?élqgr?migﬁ r%ehlz\?%ﬁ% ‘(I)' ight es‘éltj? F %%%ZP % g prezo

f ocused bg | ens ;3 and irradiat ont target 1. The spot dianeter of

the | as@PPRE ﬁé°§8ﬁﬁfémﬁﬁgﬂpﬁ {8FY 3s that of target 1. The

irradiation intensity is adjusted so as to be virtually 1 x

1011Wcne.  Eerssdguiiatiiy spravedfnomeandzatedhstachesthe hrwadiagion gositdt of laser

/pul se, and the pulse anplitude .is 10 ns. Specifically, the

rradi alight with gnslitectioh drahahgbd gitice ithe R ribrrofopile s MAGtained in a
high vacuum.

Synchronized with delivery of target 1, pulse laser light 5 of 1.06 pm |
wavelength from Nd:YAG light source 4 is focused by lens 3 and irradiated onto
target 1. The spot diameter of the laser is the same 1 mm diameter as that of target
1. The irradiation intensity is adjusted so as to be virtually 1 x 101'W/cm?2.
Consequently, the pulse intensity of the light is 80 J/pulse, and the pulse amplitude
is 10 ns. Specifically, the irradiation intensity of laser light is 102 J/mm2pulse, and

L the area of a 1 mm diameter disc is 0.785 mm?2, which results in 78.5 J/pulse.

The light source operates at 100 Hz repeating frequency with a mean output of
8 kW. EUV output exceeding 16 W (output at the emission point) can be attained
with this light source since the Sn target attains conversion efficiency exceeding 2%.
EUYV output exceeding 160 W would be realized if the excitation light is intensified

further with the mean output raised to 80 kW and the repeating frequency raised to 1

kHz.
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the area of a 1 mn diameter disc is 0.785 m®, which results in 78.5
Jd/ pul se. The light source operates at 100 Hz repeating frequency with
a nean output of 8 kW EUWV output exceeding 16 W (output at the

em ssion point) can be attained wth this |light source since the Sn
target attains conversion efficiency exceeding 2% EUV out put
exceeding 160 Wwould be realized if the excitation light is
intensified further with the nmean output raised to 80 kWand the
repeating fr &igiercyisradsadngahit skdws thelmebh@lofrcaptiing BITdlMghg. Thadre 3
shows the nmethod of capturing EUV |ight. Figure 3 (a) shows an

exanpl e (d)nsneiisChh BRABB1d ASRhidh Bike Pade 1ight Bdk rdidte @ MdrlSho AbFRb1
direction of target 1 and EUV light 6 is captured at the obl i que

directi t cas

conver gggrggﬁégJ ¥§Ifgtegeull ésrke}13 DA 11 gﬁ{]gaé)%ure({lﬁt %ér gefquf c?gecscb eﬁa%‘ﬁe fo
axi al | y- el ongat ape.so that the |ight source round whe

vi ened F%ﬁpgrﬁéfﬁa gﬂhﬁgm@. 8 chisoiisps thegonyprgence SPE; ﬁmt@seala(ssy fighi's
shows an exanple in which pulse laser light 5 is irradiated from the
obl i quewdth trizebA may atlbpean exisily-¢longatied|dvabsiipe s gt the diglht Bolice is
light 6 is captured in the normal direction of target 1. In this

case, theusdmengaaced Spah thé capiilri®y diasetion HORNUVOligy6.adopt an
axi al | y-el ongat ed oval shape so that the light source is round when

vi ewed from fhs,eapty)dhdedsHy &&h 08 1ﬁfwlﬁ%gvl1%mtﬁs@r h%‘%ﬁ'\% Elrradidt@ftomh

woul d preferably be round. Figure 3 capturl ng
UV lig egbfromthe rev

rradia v edteHonfeR, r glél &r bl(gﬁ% Hf%rgg %ﬁrﬁﬁée? I"ﬁ%ﬁ&éﬁ&% 61s
captured in the normal direction of target 1. In this case, the convergence spot of
pulse laser light 5 may adopt an axially-elongated oval shape so that the light source
is round when viewed from the capturing direction of EUV light 6. However, target 1
would preferably be round.

Figure 3 (c) shows the method of capturing EUV light 6 from the reverse side
of target 1 relative to the irradiation direction of laser light 5. An obliquely incident
oval mirror or a Schwarzschild optical system are often used in the convergence

( V‘ optical system of EUV light 6, but both are optical systems with central shielding of
the pupil, and EUV light near the center of the optical axis cannot be focused. Thus,
beam stop 7 of laser light is arranged in this section to reduce laser light discharged
from the EUV light source. An advantage of this method is that the light source is

easily arranged on the EUV exposure apparatus since the optical axis of pulse laser

light 5 is equal to the optical axis of EUV light 6.
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oval mrror or a Schwarzschild optical systemare often used in the
convergence optical systemof EUW light 6, but both are optical
systens with central shielding of the pupil, and EUV |ight near the
center of the optical axis cannot be focused. Thus, beam stop 7 of

| aser" light is arranged in this section to reduce | aser |ight

di scharged fromthe EUV |ight source. An advantage of this nethod is
that the light source is easily arranged on the EUV exposure

apparatus si peg,l SHM Fl?é ﬁlt%)éhéd Of pR AS ld?%ei éJe'(iQQ gés iy aelgézlé"}] plhSma

the optical axis o - Frgu e

rovi di S -sh ed t r l.aser TV |1 our
Phe. sech’ dbbap i niperen Bebap iRl A Mesempanrea gt B98Y feel's
tape formis contlnuously provi ded by target drive_mechanism9 in
this enboéirfeiorm jseoatinjoysly royides: kit adeel/driye srechpginm §5orthes 4 i s
focused by lens 3 and irradiated onto tape target 8. So-called tape
t ar get 8mhodehénhababangglite®gekeravar bplaser lighé svarcget is§obrasedriyy lans 3 and
different structure fromthe conventional structure is used in this

enbodi mpRhdidtb@Wn€o badedarsO8VS SbRA1ISH faksd tHr8etDd itsdEhad 1bAPBed 2 kE6W n8but
Polyim de resin is used in tape substrate 10. Each hole 13 is opened

in tapeg %&P%”?@{ 8 HhYi g&ﬁ“&&nt%'tﬁ&’céﬂaf? o) tth%rc%ﬁ%xljr& ﬂl% ét%fttﬁl»é qls‘égal‘n

supporti uctures I'n the center each SC-6h

t ar get is jade of Sn and is 100 nmthick. The dianmeter of

di sc- sh%%@dﬂ?%?gﬁrrﬁl is set at 1 nmso as to be virtually equal to
Khe convergent beamdianmeter of laser |ight. The dianeter of hole 13
s suf fici enfligutedy gaérshpwgrthp lseructure of such a tape target 8. Polyimide resin is

used in tape substrate 10. Each hole 13 is opened in tape substrate 10 and each
disc-shaped target 11 is installed via supporting structlires 12 in the center of each
hole 13.

Disc-shaped target 11 is made of Sn and is 100 nm thick. The diameter of
disc-shaped target 11 is set at 1 mm so as to be virtually equal to the convergent
beam diameter of laser light. The diameter of hole 13 is sufficiently larger than the
convergent beam diameter of laser light and virtually no damage from laser light

(__ irradiation reaches tape substrate 10. The diameter here is 5 mm. The width of tape
substrate 10 is 10 mm.

Virtually no thermal contact is made between disc-shaped target 11 and tape
substrate 10 since supporting structure 12 is sufficiently thin, and disc-shaped target
11 virtually floats in a space. There are four supporting structures 12 in this

drawing, but any number of three or more is permissible.
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convergent beam di aneter of |laser light and virtually no damage from
l aser light irradiation reaches tape substrate 10. The di ameter here
is 5mn The width of tape substrate 10 is 10 mm Virtually no
thermal contact is nade between di sc-shaped target 11 and tape
substrate 10 since supporting structure 12 is sufficiently thin, and
di sc-shaped target 11 virtually floats in a space. There are four
supporting structures 12 in this draw ng, but any number of three or

nore i s pernmSgsiptanized withslelvieronf teme targat Siml Fianrg dopulsegesardiget5 &
in Figure 4, pulse laser light 5 of 1.06 mwavel ength from Nd: YAG

| i ght S(]!Lﬁﬁ:;@m%hﬁeléﬁgﬂﬁﬁdnbb@dt%@ 1&anduirder Al fateskd Ionictsd sed srapgeded
target 11. The spot dianeter of the laser is the sanme 1 nm di aneter

as that ,gf, &ﬁﬁ%ﬁ’épéd tgxt%%t " el abbOMiakdMENSH hY 1h§rqgﬂlﬁ§§ﬁge i%ﬁls(%lra eter
be virtually 1 x cnR. Consequently, the pulse |ntenS|ty

l'ight i 12 t.he itud 10 ns. The

the out Baenreel) n§? 1 Pe AR BB 4 RGP R AR b
series of c-.shaped tar 11 is arranged. in. Fi gure 5 (a) but a

pl ural i £§" %@; 9%3911%@ r“?‘ﬁ@@’é%? infensifyodirt e dight dupe I wies, angrilegyydse
tape target may be used a plurality of tinmes. Figure 6 is a draw ng

t hat shewplomdeexdfpise Tierefoee ndtelvodpof ispriodlacitn ghsuditainesipm ther fipest s .
Hol e 13 and supporting structure 12 are preforned in polyimde resin

t ape subsibodimedf), foll owed by adhesion of target material 14 of
predeterm ned mass to the center of supporting structure 12. Sn is

Hsed in targgt se'irPetse(ffid%c—lélh%detargets 11 is arranged in Figure 5 (a), but a plurality
of rows may be arranged, as shown in Figure 5 (b), and one tape target may be used a
plurality of times.

Figure 6 is a drawing that shows one example of the method of producing such
tape targets. Hole 13 and supporting structure 12 are preformed in polyimide resin
tape substrate 10, followed by adhesion of target material 14 of predetermined mass
to the center of supporting structure 12. Sn is used in target material 14 here.

A predetermined mass only of Sn that has been liquified by heating to melt can

( bé dropped in place since Sn is metal with a comparatively low melting point
(231.9°C). Polyimide resin is not damaged even if molten Sn is adhered since it is
resin with a comparatively high glass transition point. Sn that had been dropped in
the center of supporting structure 12 congeals into a sphere through surface tension
and solidifies.

Next, pressure is applied from both sides of tape to complete pressing of target

material 14 adhered to supporting structure 12. A tape target provided with
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A predeterm ned mass only of Sn that has been liquified by heating to
melt can { be dropped in place since Sn is netal with a
conparatively low nelting point (231.9C). Polyimde resin is not
darmaged even if nolten Sn is adhered since it is resin with a
conparatively high glass transition point. Sn that had been dropped
in the center of supporting structure 12 congeals into a sphere

t hrough surface tension and solidifies. Next, pressure is applied

from both sides .of t to,conplete. pressin f tar terial 14,.
adher od S SBBONRTH O RSS! SEPREIY SPHETIs, S LR (Agriged in
di sc-shaped target 11 in the center of supporting structure 12 can be
constr uéﬁ@dnﬁﬁnelt- hT Be tiskaess afitis¢ phanaddasselt 1 e be pejnsted By e pressure
can be adjusted by the pressure in pressing. Figure 7 is a draw ng

t hat shompressihger exanpl e of the structure of such a tape target 8.
Figure 7 (a) is a planar figure, (b) is an A-A cutaway draw ng, (c)

is a B-B cutmaway TiLavdi8widZoihdt the@s@sthbr cxat§fl of Bhd dRectiBIsatiea
21. Tape substrate 21 has a | adder { shape as shown in Figure 7 (a).

On the %@e 1% i e%zé- [ . hj 1.56-.Sh e% :
targets(B %&% gpgbnng%%%d( éS%' ?§%?§E§%%3ﬁ§$é§bxh 8??%&#@%%%?%%’ %gzl
i's aff&ggd to se%%ion 2l1a corresponding to the rungs of the | adder
of tape BHSHLPERE BEWIRE npans of which target 22 is supported on
tape substrate 21. Disc-shaped target 22a is positioned in the center
of section 2Paluerdespsnds mged imtanresuhstitpde 8. (Tapel addtratoRlthaga ladder
ubstrate 21 so as to lie in section 21b which is
shape as shown in Figure 7 (a). On the other hand, target 22 has a structure in which
disc-shaped targets 22a are connected by narrow sections 22b. Narrow section 22b is
affixed to section 21a corresponding to the rungs of the ladder of tape substrate 21, by
means of which target 22 is supported on tape substrate 21.

Disc-shaped target 22a is positioned in the center of section 21a corresponding
to the rungs of the ladder of tape substrate 21 so as to lie in section 21b which is
devoid of tape substrate 21. Therefore, even if disc-shaped target 22a is irradiated
with laser light, any damage caused by laser light irradiation would not affect tape

(’ , substrate 21. Reference numeral 23 denotes a hole that is opened in tape substrate
21. The timing of laser light irradiation is determined by detecting the position of
this hole.

Figure 8 is a drawing that shows the step of producing the tape targets shown
in Figure 7. It shows the section corresponding to A-A profile in Figure 7. Film of

target 22 material is formeéd by sputtering on the side without depression 21c of tape

substrate 21 upon which is formed section 21c that excludes section 21a
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devoid of tape substrate 21. Therefore, even if disc-shaped target
22a is irradiated wth |aser light, any damage caused by | aser |ight
irradiation would not affect tape substrate 21. Reference nuneral 23
denotes a hole that is opened in tape substrate 21. The tim ng of

| aser light irradiation is determ ned by detecting the position of
this hole. Figure 8 is a drawing that shows the step of producing the
tape targets shown in Figure 7. It shows the section corresponding

to A-A eéﬁ'teb}l)(ﬁldlﬁg FEb g Surdgs @) Ma&terlal éf&%getZQZ PRl tehé@in tife §10408hoMN in
sputterlng on the side wt out depression 21c of tape substrate 21

upon whi IFC eSY f gu?%edqufégl%fas glz en ?mt?l%ktﬁ%g %Jg(?edﬁlcgg%&fggh&%%?g% gldbstrate 21

corresponding t3 the 1'S°e
t he shape sho gure Subsequen re t i cknes

r educed " §orat gnten%ut a‘ﬁbp%b’é depyesspp 2 ]tco(I *lo]? 1@ 18j “B%& éff‘e tape
depression 21c (c). Finally, hole 23 is forned |n the tape substrate
(d). Fi gubstrate )a drawi ng that shows anot her exanple of the
production of tape target 8. Figure 9 (a) is a planar figure, and

Figure 9 (b) Figua € adaywilicatMab ghawe AgotKerexamfie @0tlee Prddaktion of tape
Polyimde resin is used for tape substrate 24. Filmof target

mat eri ak,25¢isS @i %‘a&é@qa})ﬁ 4 BR%aS HaRLE Bk Phbu wrE Y b FBEGw P4 LR iR: §3long

are formed at fiXed |nterva s in tape su rate 24. Target materi
IS expo§e q¥§art f tape substrate 24 and it plays the role of a
pl at e- shaped Tgige? ollomnng irradi ation by laser light of this

ection.
f Polyimide resin is used for tape substrate 24. Film of target material 25 is

formed on tape substrate 24. Furthermore, holes 24a are formed at fixed intervals in
tape substrate 24. Target material is exposed in part of tape vsubstrate 24 and it
plays the role ,Of a plate-shaped target following irt'adiation by laser light of this
section.

Figure 10 is a drawing that shows the step of producing of the tape targets
shown in Figure 9. It shows the portion corresponding to profile C-C in Figure 9.
Film of target 25 material is formed by sputtering on the side without depression 24b

(\ of tape substrate 24 upon which is formed depression 24b at fixed intervals (a).
Subsequently, the entire thickness is reduced by etching tape substrate 24 to form
hole 24a in part of depression 24b (b).

Sn metal is used as target material in the embodiment, but the same effects
would be realized even if material containing elemental Sn were used. For example,
compounds such as tin oxide (SnO2) may be used, as well as plastic resin in which

fine Sn particles are dispersed.
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Figure 10 is a drawing that shows the step of producing of the tape
targets shown in Figure 9. It shows the portion corresponding to
profile GCin Figure 9. Filmof target 25 material is fornmed by
sputtering on the side wthout depression 24b of tape substrate 24
upon which is formed depression 24b at fixed intervals (a).
Subsequently, the entire thickness is reduced by etching tape
substrate 24 to form hole 24a in part of depression 24b (b). Sn
metal is used as target material in the enbodi nent, but the sane
effects woulBeBdlVexpryey anpegatys imgtherambodiwsnachtrypeaserkHtvantign has
were used. For exanple, conpounds such as tin oxide (SnQ2) may be
used, ashabidic atruptastdfa cesientionalvipedratdd steovEn ipaligurel s vadtle the sole
di spersed. -20 The EUV exposure apparatus in the enbodi nent of the

present 4iffentd BAnH @S thé (8 BAGILIaSES ﬁférsﬂlraengV ﬁ%m&\(@eé b@R&lant to the
apparatus shown in Figure 11, with the sole difference lying in the

use of S Light S . n
mvent i bRl AR Tolihuh Y, A BtpRS PRI AL shBalaife i EbEIERL o
-21 CLAIMS 1. Alaser plasma ETJV |ight source for outputting EUW

| i ght generated through plasma conversion following irradiation of a
target wwth laser light, the |laser plasma EUV |ight source
conprising: a laser; a target conprising a plate-shaped target having
di aneters that are equal or
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al nost equal to the convergent beam di aneter of the |aser |ight,
wherein the thickness of the plate-shaped target is |less than 1000
nm tape; and a support nenber in a hole of the tape holding the

pl at e- shaped target against the tape. 2. The |l aser plasma EUV |ight
source of claim1l wherein the thickness of the plate-shaped target
is not nore than 100 nm 3. The | aser plasma EUV |ight source of
claim1l wherein the shape of the plate-shaped target is circular
viewed fromthe direction of EUW light output. 4. The laser plasna
EUV light source of claim1l wherein the plate shaped target is Sn or
a material containing compounds of $HABASThe | aser plasma EWV |ight
source of claim1l wherein the tape conprises polyimde resin. -22 6.
Tape material. usetdl lageraplasgfit EEDUNRHt dohecd fgreonpuetihg ECVNpghis peigerated
| i ght-generating pl ate-shaped material and a support nenber in a hole

of the #3p§ hf}ﬂh%ﬁgc&&)%r&bﬂ%ﬂg%ﬂ?é 3R thd R 0f -5 RARRE vGRhefars]é’% 11%11; the

agai nst the tape. 7. tape material of claim6 in which
is poly nldq_re3| Qm)r ser Ia§na EWV |ight source of claiml
in whi cRSTHE Fﬁ% BE% 1{5?63?'F?I¥%nnected by narrow nateria

that is |dent|cal mnth that of the plate- shaped target and is

adhered to ﬁhb@eﬁaV|ng a | adder shape, wherein the plate- shaped

target is |ocated between the rungs of the | adder-shaped tape and the
a target comprising a plate-shaped target having diameters that are equal or

almost equal to the convergent beam diameter of the laser light, wherein
the thiqkness of the plate-shaped target is less than 1000 nm;
tape; and
a support member in a hole of the tape holding the plate-shaped target
against the tape.
2. The laser plasma EUV light source of claim 1 wherein the thickness of
the plate-shaped target is not more than 100 nm.
3. The laser plasma EUV light source of claim 1 wherein the shape of the
plate-shaped target is circular viewed from the direction of EUV light output.
4. The laser plasma EUYV light source of claim 1 wherein the plate-shaped
target is Sn or a material containing compounds of Sn.
5. The laser plasma EUV light source of claim 1 wherein the tape

comprises polyimide resin.
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narrow material is located in the rung sections of the |adder-shaped
tape. 9. The laser plasma EUV |ight source of claim8 in which the
tape is polyimde resin. 10. Tape material used in a |light source,
the tape material conprising: 1light- generating pl ate-shaped
material; narrow material identical with that of the plate-shaped
material connected to the plate-shaped material; and tape having a

| adder shapes. whergih idieril aleashrRedARIBHIR) the BPRELEHeLiQ thRprising
tape and is |ocated between the rungs of the [adder-shaped tape, an

wher ei n.t;he narrow erdal §s located,;in the run ections ,of e
(adder “RCelRrafle IR el Bt SRR BH el BT GRAR of S tave
tape is lyimde resin. 12. The laser plasma EUV |ight source of
claim 1@8*% d]é%}ﬁﬁg‘?%qrﬁﬂngé’rlﬁ@fSh%?&@épﬁ%rladrﬁgaf%ége\Xh@?-ei n hol es
are opened at fixed intervals in the tape, and the target materi al

i s adhered td porkthetapeahatdréaltcfpbairhbiin arlech nhe bapehislpedyioafide resin.
intervals, and wherein the target material conprises the pl ate-shaped

target. -23 43. T lagseplaanas BRVEUVLE b@itice 9PUI6R Pin #hadiMHepliafe-shaped
which the tape is polyimde resin. 14. Tape material used in a |light

e ! ] . . Tl . ]
sour Cenﬁggegf b 'cgﬂnédtgg'.tbsye%%Eg{v@tﬂlg%mm}ge{t' 1 g;@il%%f%lttﬁ) tthglpeolfSt'heTH%aate

wher ei e tape conpri . es opened I Xe tervals.

L

form ng _a support nmenber in the hole so as to be sugpgrted by the

t ape, diwpsintprget is located between the rungs of the ladder-shaped tape and the
narrow material is located in the rung sections of the ladder-shaped tape.

9. The laser plasma EUV light source of claim 8 in which the tape is
polyimide resin.

10. Tape material used in a light source, the tape material comprising:
light-generating plate-shaped material; narrow material identical with that of the
plate-shaped material connected to the plate-shaped material; and tape having a
ladder shape, wherein the plate-shaped material is adhered to the tape and is
located between the rungs of the ladder-shaped tape, and wherein the narrow
material is located in the rung sections of the ladder-shaped tape.

11.  The tape material of claim 10 in which the tape is polyimide resin.

12. The laser plasma EUV light source of claim 1 further comprising target
material and tape, wherein holes are opened at fixed intervals in the tape, and the

target material is adhered to portions of the tape that are in the holes of the

intervals, and wherein the target material comprises the plate-shaped target.
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and solidifying nolten target material onto the support nenber, and
pressing the solidified target material to a predeterm ned

t hi ckness. 17. A nethod of producing the target of claim8 by
establishing depressions at fixed intervals in the tape, depositing
target material on the side of the tape w thout depressions,
connecting the target material with a narrow material identical with
that of the ﬁiate shaped target %ﬁyetchlng redUC|ng the thickness of
the tape by Echihee Aighd somreeof glaipedsipnwhich ke tape is
tape. 18. A nethod of prodUC|ng the target of claim 12 by

est abl i pblyngidedepiressi ons at fixed intervals, depositing target
material on the side of the tape w thout depressions, reducing the

t hi ckness of14.he Tape hitedldhubed @G ARARI Buke BOhBristhd NEsht-generating
depression of the tape. 19. A nethod of providing the target in the

| aser Jﬁ‘ Ea%éreg % t%f?éj rvgﬁere% t15d 8l rﬁaﬁ}ém }ggieé Q}géﬁ/ecpéltghxed 1ntelazals.

pl ate-s argets are each conveye as an

froma nozzI 20. A neth r |d| g the target n t.he Iaser

pl asma EWV | ffg ht Zﬁ%te@ mgferiq frﬁeﬁt T4 i clahh%?zneew. ROLyAfg rednand
each of theoflate shagfd targets is sprayed fromthe nozzle by the
vibrating folee. 2methodetfinoddu¢ingribrei tairgef of Phian - sh&preaingaa fele inntape,
| aser plasma EUV |ight source for outputting EUV |ight generated

t hr oughfopinasga e@peet sh@nbef 0l kbavihole k6 madbdid ompEdrtddBy tthe gape Widpping
| aser light, wherein the plate-shaped target is held against a tape

by a suppg rsBlim%rmioReﬁ ﬂ&?é@c Riatdh81 bARLthd Qﬁpﬁﬁrt t.H?Slmbe.t', and pressing the

solidified target material to a predetermined thickness.

17. A method of producing the target of claim 8 by establishing depressions
at fixed intervals in the tape, depositing target material on the side of the tape
without depressions, connecting the target material with a narrow material
identical with that of the plate-shaped target by etching, reducing the thickness of
the tape by etching, and opening a hole in the depression of the tape.

18. A method of producing the target of claim 12 by establishing
depressions at fixed intervals, depositing target material on the side of the tape
without depressions, reducing the thickness of the tape by etching, and opening a
hole in the depression of the tape.

19. A method of providing the target in the laser plasma EUV light source
of claim 1 in which individual plate-shaped targets are each conveyed on a carrier

gas and sprayed from a nozzle.
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conprising the steps of unwi nding the tape froma tape rew nd
apparatus about which the tape is wound to a tape w ndi ng appar at us
that winds the tape, and providing the plate-shaped target to the
convergence point of laser light that is positioned between the

rewi nd apparatus and the wi nding apparatus by winding the tape. 22.

A nmet hod of providing a plate-shaped target in a | aser plasma EUV

| i ght source for outputting EUV |ight generated through plasm .
conversion £l | owimpgthiodrfdiravidong g}le haxgst geithjleser plaema) YNt light source
wherein the pl ate-shaped target is connected to tape by a narrow

mat er i adf chfvar diin théclt aprotvds ia vibckded atthpecland thehelapé-ahepahapedts is
target is | ocated between the rungs of the | adder-shaped tape and

the nar §OwyBRERI 3he nS2z110 B3R vibrdthey fowed sections of the
| adder - shaped tape, the nethod conprising unwi nding the tape froma

tape row nd appar gl usaont plilhe L1RLARES YUAE ih0, LA asma BUV

w ndi ng apparatus 't pe, ovi

pl at e-shaped targef to the convyergence point of laser light that is
posi ti oﬂgﬂt PEL G RT t ARRERNS a?’&t%ﬁsg%ﬁ‘f’d"af% rﬁﬂglﬁgp e dongeryon
wi nding the tape. -25 23. A nethod of providing a plate-shaped target
in a | abdlowphgdrmadiEdion bf the tanget eath dasesdighit wihegeidthe plgihe-shaped target
generated through plasma conversion following irradiation of a

target i hbld ageimst ighhpe Wyehesupgort gabmiei €hi @l hdls iRy esbe, tthedmethod
tape, the tape conprises holes opened at fixed intervals, and the

pl at e- Sﬁ?@gfé%ﬁngﬂ%ﬁ%te %mgﬁ%diﬁ%gﬁfe PRiCHiod A fhﬁeh?exbﬂﬂdeﬁ?g%%]@gg aBbut

fixed i conpri si ng unwi ndi ng ‘the tape

tape r evV\\rnh?c% %19&9 %58(5 43 vg(l))grlljé t\(l)\hzgl Qpé Qi&?lntd?gge apparatus that winds the tape, and

providing the plate-shaped target to the convergence point of laser light that is
positioned between the rewind apparatus and the winding apparatus by winding the
tape.

22. A method of providing a plate-shaped target in a laser plasma EUV
light source for outputting EUV light generated through plasma conversion
following irradiation of a target with laser light, wherein the plate-shaped target is
connected to tape by a narrow material, wherein the tape has a ladder shape and
the plate-shaped target is located between the rungs of the ladder-shaped tape and
the narrow material is located in the rung sections of the ladder-shaped tape, the
method comprising unwinding the tape from a tape rewind apparatus about which
the tape is wound to a tape winding apparatus that winds the tape, and providing
the plate-shaped target to the convergence point of laser light that is positioned

between the rewind apparatus and the winding apparatus by winding the tape.
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is wund to a tape w nding apparatus that w nds the tape, and
providing the plate- shaped target to the convergence point of |aser
light that is positioned between the rew nd apparatus and the

wi ndi ng apparatus by w nding the tape. 24. An EUV exposure appar at us
that uses the laser plasma EUWV |light source of claiml as the |ight
source. 25. The tape material of claim®6, wherein the |light source in
which the tape material is used is a_laser plasma EUV | |ght source

26. The tapezo?’rmt ¢t imagthed off pravidine aypdata shaned fargat lgcﬂ;:l%@ri agmaciUV
the tape material is used is a |aser plasma EUV |ight source. 27.

The t apéghtatsenra fof chtputtibg, EAUNEr tight t bendratgst thoongle plaswiai convérsion
tape material is used is a |laser plasma EUV |ight source. 28. The

tape mapBbivdhg Diragladion 6 MRt RvitheadehilitnesheddinttAegdti @Aterial is adhered
generating plate-shaped material is |less than 1000 nm 29. The tape

mt erl alo Qlafid AD ApaRhillisds okl pENES 8 Hreh AN afenRy gfgitélghaped

pl at e- shaped” rmater | I's not nore ti . e tape
Dl at ¢ SABECHAPBFFaFAIREt FAlerih i CROGUIAFPORES SExP seefgt oy 1 Sphod
cl aim 10 wherein the thickness of the Iight- generating plate-shaped
mat er i atonigrisiog ywyiadingthd aps fonga. taphaewapd apnatatugiabont srhipimthe tape
wherein the thickness of the light- generating material is |ess than
1000 nnis wound to a tape winding apparatus that winds the tape, and providing the plate-
shaped target to the convergence point of laser light that is positioned between the
rewind apparatus and the winding apparatus by winding the tape.
24. An EUV exposure apparatus that uses the laser plasma EUV light
source of claim 1 as the light source.
25.  The tape material of claim 6, wherein the light source in which the tape
material is used is a laser plasma EUYV light source.
26. The tape material of claim 10, wherein the light source in which the
tape material is used is a laser plasma EUV light source.
27. The tape material of claim 14, wherein the light source in which the
tape material is used is a laser plasma EUV light source.
28. The tape material of claim 6 wherein the thickness of the light-
generating plate-shaped material is less than 1000 nm.

29. The tape material of claim 6 wherein the thickness of the light-

generating plate-shaped material is not more than 100 nm.
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33. The tape material of claim14 wherein the thickness of the Iight-
generating material is not nore than 100 nm 34. A laser plasm EUV

| i ght source for outputting EUV |ight generated through plasm
conversion following irradiation of a target with laser light, the

| aser plasma EUV |ight source conprising: a |laser; and a target
conprising distributed plate-shaped targets having di aneters that

are equal tao or nost equal tq the, convergent beam di aneter of the,
laser  |ight30-whethf Hap maaraln b SkS o0 s dbe qsarfajef%e diebt
| ess than 1000 nm 35. The |aser plasma EUV |ight source of claim

34, furgdreragogplatershpped materiad islgsgithang O0Renmar get . 36. The | aser

pl asma EUV |ight source of claim34, wherein the thickness of the

pl at e- shaped3t.ar gitie itap#iohateridl bhamidkD0nMheFéin The thadatespl &fstige EHWt-
|l i ght source of claim 34, wherein the shape of the plate-shaped

target geﬁleqaﬁﬁg:p%tevg'}ﬁ\ﬁ%qlxihaﬁglaqhgng{ hﬁ)gagpaanooﬁi&{. light output. -27

38. The | aser plasma EUV |1 g source o alm 34, wherein the plate-
Sraved o oo o Sond PRSI SN ST RS e T
suppl egen%gagng%satséﬂa??snies-s %}?an 1000 nm.

33. The tape material of claim 14 wherein the thickness of the light-
generating material is not more than 100 nm.

34. A laser plasma EUV light source for outputting EUV light generated
through plasma conversion following irradiation of a target with laser light, the
laser plasma EUYV light source comprising:

a laser; and

a target comprising distributed plate-shaped targets having diameters that

are equal to or almost equal to the convergent beam diameter of the laser
light, wherein the thicknesses of the plate-shaped targets are less than
1000 nm.

35. The laser plasma EUV light source of claim 34, further comprising a
nozzle supplying the target.

36. The laser plasma EUV light source of claim 34, wherein the thickness
of the plate-shaped target is not more than 100 nm.

37. The laser plasma EUV light source of claim 34, wherein the shape of

the plate-shaped target is circular viewed from the direction of EUV light output.
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38. The laser plasma EUV light source of claim 34, wherein the plate-
shaped target is Sn or a material containing compounds of Sn.
39. The laser plasma EUV light source of claim 34, wherein the target is

supplied on a gas stream.
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