SPECI FI CATI ON Laser plasma EUV |ight source, target nenber, production

nmet hod for target nenber, target supplying nethod, and EUV exposure system
" Technical Field The present invention concerns a |aser plasna EUV |ight
source, target material ideal for use in an EUV exposure apparatus (al so
known as an extreme wultraviolet exposure apparatus, and it refers to an
exposure apparatus using ultraviolet |ight of wavel ength under 150 nmin
the specification and clains), tape material, a method of producing target
material, a nethod of providing targets, and an EUV exposure apparatus.
Background Art In recent years, SPEGIFICATIONt hographi ¢ technol ogy using
EW light having a shorter wavelength (11 to 14 nm than that of
conventional ultraviolet |ight has been devel oped to enhance the
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| i ght acconpanying m niaturization of sem conductor integrated circuits.

This technpl o in recent years,has called E Extreme U traviolet)
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resol ution under 70 -1 nmthat had been inpossible with conventi onal

optical lithography using a light source of 190 nm wavel ength. The conpl ex
refractive index n of substance in the wavel ength range of EUWVW light is
represented by n = 1-8-ik (i is the conplex notation). Imaginary part kin
this

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 under 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 i‘:hat are limited by the
diffraction limit of light accompanying miniaturization of semiconductor integrated
cireuits. This technology in recent years has been called EUV (Extreme Ultraviolet)

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



refractive index represents extreme ultraviolet absorption. Since 8 is far
smaller 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 al

subst ances, absorption nust take place. Accordingly, an optical system
that uses reflection is used since a transparent refractive optical
conponent |ike a conventional |ens cannot be used. Figure 11 presents an
outline of the EUV exposure apparatus. EUV |ight 32 discharged from EUW
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collimator mrraor. It i then incident to optical integrator 35 conprising
a pairSBF“mﬁﬁfﬁﬁyﬁnﬁY?Y ?@QgSa and 35b. The fly-eye nmirror disclosed in the

gazette of Japanese Kokai Publication Hei-11-312638, for_exanple, can be
used as t he Traicomurles rgfragtéve idexor of Sbhatanng inghe wavelengthirrage of LY ur e
and function of the fly-eye mrror are explained in further detail in the
gazet t @igoft id apaeeateldyal =Audik Gds ithe corhiplex bt 3ti 363 Im agidatsheant keopthasat i on
is omtted here since it is unrelated directly to the present invention. A

surfacgghlkiiil pgd(%( %ﬁé%@ﬁ@%ﬁ%@ﬁ& §]‘5§)9gtibﬁ. foohdEglid@aknidiRy

refl ecting sur second fly-eye mrror 35 specifically, near the

em ssi surface .of i-.cal Jntegrator.35.. Light.fraom rface
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el ongat ed, are shaped_ illumnation region on mask M (a depiction of the
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omtted). Light fromthe pattern on nask Mfornms an i mage of the nask
Accordingly, an optical system that uses reflection is used since a transparent

refractive optical 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 paif of fly-eve
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



pattern on wafer Wvia projection optical systemPL conprising a plurality
of mrrors (six mrrors M to Mc shown in Figure 11). The optical system
using such mrrors has a ring-shaped projection exposure field in which
only aberration at a specific imge height is conpensated since it cannot
conpensate for overall aberration in the broad exposure field. The mask and
waf er are scanned in synchronization and exposed since a 30 nm square chip
cannot be exposed at once in a projection exposure field having such a
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Ref |l ectance of 67.5% at perpendicul ar incidence can be attalned by using an
Nb/ Si regioin. i pyaitter) | Faght fypmndhe attsrpisaanask Mbyrmsgeinage ohthd magkn (Si)
| ayer are alternately lamnated in the wavel ength region near 13.4 nm
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using an MoBe nulti-layer film in which an Mo | ayer and a beryllium (Be)
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i rradi ated oR, tar ea1t1 StIenrl allIl as xcllrt%tsl (%lrgalll,1 shi8 %onc\)/grtt t he large
material into® 4G SERET TRESEU MG exposuFehFPg Pyogentt atREA that
f]i’igznleiéatlagg gqulflgﬁ Bp,]syg%}{]qrggtmrllz gi\:/alslpemflcslgllggg ielgshtdlls chrlflli)zggatleg s&r?c% 1 azette of

cannot compensate for overall aberration in the broad exposure field. The mask and
wafer are scanned in synchronization and exposed since a 30 inm 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



2000-56099. The use of Xe plasma (as both the | aser plasma |ight source and
the discharge plasma |ight source) has been extensively researched and
devel oped as the ELY light source of 13.5 nm wavel ength used in an EUV
exposure apparatus. The reasons are that a conparatively high conversion
efficiency (proportion of EUV light intensity attained relative to input
energy) can be attained and that no problens arise associated with debris
since the material is gaseous at anbient tenperature. However, there are

i m ts pl&srhoWTht WU 1100 @ipekeft Bilit) gbRfGYed antig thasks et hREawiRhake is a
gas, and the use of Sn as target material is known to be effective in
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The elgﬁbbggﬂésnperature rises with increase in the irradiation intensity
of |as [ when the light source is |laser plasma. The el ectron
tenperature rises excessively and X-rays of short wavel ength are generated
when the i Mhedisstafdie plasmasis potls thelasar plasmakighbsourepeni the dinsharge
conversion efficiency from laser light to EUV |ight. Accordingly, there is
an i dealladras deht s6@de BhaoObedn ¥t ensityly rewdirched andldeutlopbd AW\ BUVIHighd aser
spot dianeter nust be increased to elevate the EUV |ight output while
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- attained relative to input energy) can be 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
irfadiation 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/em?.

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

while retaining the ideal light irradiation intensity.



retained in an optical system Wen the product of the size (area) of the

| i ght source and the capture solid angle of a convergence optical system
exceeds the etendue of a convergence optical system the excess portion of
EUV |ight cannot be captured in the optical systemand is wasted.
Consequently, a maximum al | owabl e | evel of the size of the |ight source
exi sts. Accordingly, setting the light spot dianeter to the maxi num

al l owabl e | evel would be effective in maxi num zing the output of an
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problemin an EUV |ight source using plasma. The reflectance falls
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debris includes fragnents of target material, large particles that
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parti cl atom ¢ shape t ave arge due to the charge
exchangﬁzl1 qﬁ:|5|on o% i ons, and debris is found in various sizes. -5 The
so- cal I'ed 18P RHFegees target is an effective nethod of inhibiting debris

Accordingly, setting the light spot diameter to the maximum allowable level
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
8= 0.25, or 0.2 sr when converted to a solid angle), the exposure field size were 2 mm
x 25 mm, and the 6 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?sr.

Assuming the capture solid angle of the convergence optical system to be « and
the allowable light source size to be 5/t = 1.6 mm?2, 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 of a
condenser mirror. Typical debris includes fragxalents of target material, large
particles that solidify after once dissolution, ions generated in plasma, and neutral
particles of atomic shape that have lost their charge due to the charge exchange

collision of ions, and debris 1s found in various sizes.



conprising fragnments of target material and |arge particles that solidify
after once dissolution. This is a nethod that uses m ni num materi al
required for generating plasma. If all target material could be converted
into plasma (ionized), the debris that was finely deconposed into atomc
shape, including the neutral particles of atomc shape that have | ost
their charge due to the charge exchange collision of ions as well as ions
generated in plasma, could be renoved fromthe optical path by such
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effective in inhibiting debris. The jet target nethod is a_aspect in which
|i qui depargbes mnsaangrated madasmaeaydd be spmayed om bhe apticahpatb hysugbzz| e
to continuously provide an elongated -6
aspects as a gas curtain, while debris of atomic shape that has a charge could be
removed from the optical path by an electromagnetic field.
Examination of the thickness of target material required to form plasma
following irradiation of laser light on a farget 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



columar target that is solidified instantly due to adi abatic expansion.
The droplet target nethod is a aspect in which target material is
continuously sprayed froma nozzle to continuously provide target nateri al
that is spherical due to surface tension. The target dinmensions of these
did not differ between the irradiation direction of laser light and the
perpendi cul ar direction in either target nethod, and the extrenely flat

i deal target shape was not obtained. Accordingly, the entire target could

not be @bmMaht esksedtiRatplsasiaifddinkhatDr @ enBdbatie skpesigen@hatdropledue to
debris could not be avoided. Disclosure of the Invention The present
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providing targets, and an EUV exposure apparatus that uses such an EW
| i ght d6BpeB: The first aspect for resolving the issues is a |laser plasma
EUV |ight source that captures as output the EUV light that is generated
t hrough pl adite ogeedisiamniorfsoif thesadid notadiffer betweeh thetiarsgistion tiretidser
light, wherein the target is a plate-shaped target having di nensions that
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The power of the convergent light is effectively utilized, the conversion
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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

T



-7 plate-shaped target having dinensions that are virtually equal wth the
convergent beam dianeter of laser light is used as the target. Virtually
equal nmeans 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 di aneter of the laser light. If the target is not round, the size of
the <circunscribed circle should be within this range. If laser light is
incident to the target plane at an angle, the dinensions of the target
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issues . is the light . source of the finst aspect in which the thickness of
the pl 185k Eﬁ@ﬂ%FBFE@?rﬁghﬁﬁ%“ 2 thehT9%00 nm Virtually the entire
target can be converted into ggasna with little residue as a result of
setting the Visiugdly adnied kreess that blee aige suelh dhatideolabmis gdveshtedrasepypo
reduces the anmpbunt of debris generated. The third aspect for resolving the
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t he pl ate-shaped target is not nore than 100 nm Virtually the entire
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of setting the target thicknéss at no nore than 100 nm which further
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t he shape of the plate-shaped target is circular viewed from the direction
of EWV qay%q{{plggg lggfm angle, tBe dimensions o? the target projected onto a plane
perpendicular to the optical axis of the laser light should be within the range.
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.



-s EUWV light can be regarded as being generated froma circular |ight
source since the shape of the pl ate-shaped target is circular when viewed
fromthe direction of EUV light 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 material containing
conpounds thereof. Sn is ideal material because of its good conversion

efficiency gﬁgﬁwghlt%gﬁ be 13 hﬂ&d%&%ém&%ﬁéxf‘a@% o 2 BRRLER E@;tegoxwéé 5 nm

and while i Iom1ne| ol nt IS not very har It can easily

be used.to formve t hi hape targets, The si a t for
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source of any of the first to fifth aspects_in which the plate-shaped

tar get of EU‘ﬁég@t ayspwsin thapesnaet.andigsanteastiberhandled ioertical syslemsape. The
pl at e- shaped target can be easily provided and a very thin plate-shaped

t ar get sedsedenplyovi ded 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.
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pl at e- shaped materl a hel d agai nst tape by a support member in a hole of
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containing compounds thereof.

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 low 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 the 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



pl asma EUV |ight sources of the first to fifth aspects in which the

pl at e-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 material is located in the rung sections of the

| adder - shaped tape. The pl ate-shaped target can be easily provided and a
very thin plate-shaped target can be provided at a stable position in this
aspect .as, well. The.ninth aspect.for resolvi.ng the.jssues_ ks t t ape
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the rungs of the | adder-shaped tape and the narrow nmaterial is |located in
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ei ghth aspect. The tenth aspect for resolving the issues is the target used
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in which target material is adhered to tape, wherein holes are opened at
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pl at e-shaped target.. The plate;shaped target can be easily provided and a
very t KPFe5hIcaR -eslﬁf&ﬁ@c?ﬁ qt gaPlech lﬁgnb?fig‘isc?éae‘g‘tasawgﬁabl e position in this
aspect as well. The el eventh aspect for resolving the issues is the tape
mat eri al t o Thsiwinth aspect for resolving the issues is the tape material in which

plate-shaped material that is connecj:ed 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 target 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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material is adhered. Hol es opened at fixed intervals therein and tape from
the 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 eleventh aspects in which the tape is
pol yi mde resin. Polyimde resin does not suffer danmage. even if nolten Sn
shoul d adhere since polymde resin has a conparatively high glass
transition point. Therefore, tape rupture and tearing can be prevented.

The thirteepth aspect for resolving the issues is a nethod of producing the
target of tﬂ%ugﬁ%@ﬁgﬁgﬂgfﬂ“?ﬁEﬁﬂ%ﬁ%egﬁhﬁﬂ§cﬁs formed in tape, a support
menber is formed_in the hole sp as o, be supported by the tape, | ten
target mat edibgtwedith gepegdar srrobving she igsyes i Hefissgetydape majeripbet any

foll owed by pressing the solidified target nmaterial to a predeterm ned

t hi ckned she $heh ttaelsentinbepdcad ihehartethe/iapeialpblyispherdscml due to surface
tension when nolten target material is dropped onto the support nenber and
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by pressing. Moreover, the disc-shaped target can be supported by a
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tape with depr%fsions established at fixed intervals is prepared and
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w t hout depressions, after which the target material that is
The thirteenth aspect for resolving the 1ssues is a method of producing 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 dise-shaped target can be completed by pressing. Moreover, the
disc-shaped targét can be supported by a support member and fixed to the tape.

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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connected by narrow material identical with that of the plate-shaped target
.1s shaped by etching, followed by reducing the thickness 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 nmethod of producing target
of the tenth aspect in which tape wth depressions established at fixed
intervals is prepared and target material is deposited on the side of the
tape w thout depressions, after which the thickness of the tape is reduced

by etching ang faftbaitd dspeopfonedsdiinigthe iskpeas aimetholl df peoddqifg tdidet of
si xteenth aspect for resolving the issues is the nmethod of providing the

target g tél\%% &f i@%@ﬁ%&%&h@%&é&% sPALING A% ﬁﬁ%hifnitéx%lst@. fifth

aspects 1n I ndi vi pl at e- shaped targets are each conveyed on a
carrier_gas and rayed from. nozzle. The.pl at e-shaped. .target can be

br ovi daioRE R Birat Gaieaiiis Arpogred ot i it eiaph e EpngRiond
position by this aspect. The seventeenth aspect for resolving the issues is
t he netatsd wirichthe thickgessrd the dppris teduperkby alebingpngd gdiote A queghe iR 8hg ce of
any of the first to fifth aspects in which a nozzle is vibrated and each

of t he delpatssichapida tapeget s is sprayed fromthe nozzle by the vibrating
force. The pl ate-shaped target can be provided at the convergence point of

laser |ight Thehikehth @sﬁéc@%ﬁré@.@ﬁhﬁ% ORe Q¢ubdlisSthRSAEEHod oo Pldsl Gt h
aspect for resolving the issues is the nethod of providing the
target in the laser plasma EUV light source of any of the first to fifth aspects in which
individual plate-shaped ta;'gets 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 ﬁethod 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 Qf 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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target in the laser plasma EUV |ight 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 froma tape rew nd apparatus about which
the tape is wound to a tape w nding apparatus that winds the tape, and the
plate-shaped target is provided to -12 the convergence point of |aser |ight
that is positioned between the rewi nd apparatus and the w ndi ng apparat us
by wi nding the tape. The pl ate-shaped target can be provided at the

conver ghacenyigahceopoinhslaskr fiaht thetiik @ositioned thebleeptisd tdvamdmpianatsis
aspect. The nineteenth aspect for resolving the issues is an EUV exposure

appar atauﬁthfehaind@ﬁga?ﬁ%tagb REndasethePlaped EUV |ight sources of the first
to fifth aspects as e |ight source. The throughput of exposure is

enhanced in [ S t. S ' . out ' ' n .
cont am nat i cr)[tr]lfl m’cﬁia?eh%%l ﬁtdlsﬂgggeeﬂs%??%nﬁ l%{l(%gbdr%ﬁée icéﬁ‘fe %@Jéé(}ﬁélp ﬁgfléaﬁflr light

prol onging the i.ntenance cycle of the apparatus and reducing the

mai nt e ln %ég‘tﬁg‘? papition 15/304%n of the Drawings Figure 1 is a draw ng
that shows a disc-shaped target used in the laser plasnma EUV |ight source
i n one exanflle whetdeatlk aspetitfentesolvingehpissvents 4m PEPOSUEE gpperdtuss a
drawi ng that shows the nethod of providing disc-shaped target 1 to the

| aser phatuEedAN b latlasauslaemiaEUNaidltrsstir@atd dherfingt toffifthaspuces aathe

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

Figure 2 ié a drawing that shows the method of providing disc-shaped target 1
to the laser plasma EUV light source in the first embodiment of the present
ivention.

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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Figure 3 is a drawing that shows the nethod of capturing EUV Iight. Figure
4 is a draw ng that shows the nethod of providing disc-shaped targets in a
| aser plasma EUV |ight source in the second enbodi ment of the present
invention. -13 Figure 5 is a drawing that shows the tape target used in the
| aser plasma EUV |ight source in the second enbodi nent of the present
invention. Figure 6 is a drawing that shows one exanple of the nethod of
producing tape targets shown in Figure 5. Figure 7 is a drawing that shows

the tape tan used. | ] aﬁpﬁ i . nid nd
enbodi nment gg&%%eeggsr%ksﬂéan‘%&%ﬁ\k}gﬁﬁ%ﬁ. |ggr§gg§gélt§g§& rgy\ﬁgﬁa%emgfs s%%\;‘gpone
exanpl e, of the nethod of produci ng t targets shown in Figure 7. Figure
9is aﬁbﬁgﬁvﬁoﬁﬁcetWatthesgl‘%ﬂ%%‘{)f’wgo&%%ﬁt%%g@tprﬁ PR E| aser pl asma EWV

| ight source in the second enbodi nent of the present invention. Figure 10

i s a draw ndlighes 6 ishdweworethet shpive oot exampe ohide wethmndodurpdycing Apee
targets shown in Figure 9. Figure 11 is a drawing that shows an outline of
t he EUMaegdiesUbenapieatas. Best Mdde for I nplenenting the Invention The
enbodi ment of the present invention is explained bel ow using the draw ngs.
Figure 1 is @ 0ramdgaqkddingiiansnals eXeiietallethediANEE 1addf thdrkh BB/

| aser plasma EUV I ght source in the first enbodi nent of the present

I nvent Il?gr}it source in the second embodiment 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 10isa drawing that.shows one example of the method of producing
tape targets shov?n in Figure 9.

Figure 11is a drawing that shows an outline of the EUV exposure apparatus.
Best Mode for Implementing the Invention

The embodiment of the present invention is explained below using the
drawings. Figure 1 is 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 hm 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 thg thickness under 1000 nm is

ideal from a viewpoint of debris removal.
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Target 1 is a disc-shaped target of 1 mmdianeter and 100 nmt hi ckness nade
of Sn. The nechanical strength falls if the thickness is under 100 nm the
target is easy to break and it is difficult to handle the target. The

t hi ckness nmay be increased to inpart adequate mechanical strength but
hol di ng the thickness under 1000 nmis ideal froma viewpoint of debris
removal . -14 Figure 2 is a drawing that shows the nethod of providing

di sc-shaped target 1 in the laser plasma EUV |light source in the first

nmbodi . th o i Di s¢r d .1 f
nozzl e 2t naretae B ST BEE hRE etk TaRO o PR e e RdelEd O
direction, Disc-shaped_target 1 is conveyed on _a gas stream He gas is

used i Althe dasex phanrea BV hedt sowese indhe fuptemiodimentnidhe presemér at us to

spray disc-shaped target 1. Target 1 that is sprayed fromnozzle 2 reaches
t he i r iaddriaronDposihtaped tafget dsiersprayeghfromi ndzzle 2 thiatr leat 4 ehit-shagwihged si nce
the exterior of nozzle 2 is maintained in a high vacuum Synchronized with

del i Vera%ﬁ_e@lfuré aneas akrarpiéldse thasksc dir@htior? Discl-MpamtaieyaligRehteyeadm
Nd: YAG [ight source 4 is focused by lens 3 and irradiated onto target 1.

1 ho S PTG R BRI PG Rokal TR Pl B P4 oo’ 27 0%1

1011WcnR. Consequently, .the pulse_ intensity of the light is 80 J/pulse,
and thémﬁﬁF@@SEHﬁgFFU ﬁcsﬁépTégﬁgﬁgépecificalIy, the irradiation intensity

of laser light is 102 J/m®/pulse, and the area of a 1 mn dianeter disc
is 0.785 argiti kthatas wbrayadnfrgg. mzglepdreashes the irradiation position of laser

light with its direction unchanged since the exterior of nozzle 2 is maintained 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 1011W/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/mm?2/pulse, and
the area of a 1 mm diameter disc is 0.785 mm2, 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%.
EUV 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 |ight source operates at 100 Hz repeating frequency with a nean out put
of 8 kW EWV out put exceeding 16 W (output at the em ssion point) can be
attained with this |ight source since the Sn target attains conversion

ef ficiency exceeding 2% EUWV out put exceeding 160 Wwoul d be realized if
the excitation light is intensified further with the nmean output raised to
80 kWand the repeating frequency raised to 1 KkHz. -15 Figure 3 is a
drawi hg that shows the nethod of capturing EUV light. Figure 3 (a) shows

an exanpl e Mewei T PabSEinkabet shavihthédmethdd sfadbaigte BTOWLiche. Fafurel3
direction of target 1 and EUV light 6 is captured at the oblique direction

relatiyg sth;%s est {&gser p?é ,ﬁﬂ wgfchgéu%@&sqk Beht bNs mhgla%@& Eront Be ]ﬁﬁﬂﬁs{ gence

spot of pu target may adopt an axi a ongat ed
oval

capt ur| eHPPé’ ?%%ﬁ‘?% gfaréﬁﬁﬁ B&t{{%% %;a'rspéﬂ g‘gf}tﬁ etg it t{é{?g%?t‘tg‘% t# whi ch

pul se | aser ht 5 is irradiated from the oblique di rectl on relative to
t he nofthﬁlnorlinﬁ ligg of theydiscy In ghismave thrrongeygence sprtaiealsalaspe light fal
direction of target 1. In this case, the convergence spot of pulse |aser

| i ght Svitlayawdoftmay adupiahh yxelllyrngaheatedvahl shapesosihat hhe lighe sbugktis sour ce
is round when viewed fromthe capturing direction of EUV Iight 6. However,
target rgunWHéi'l BERLE A Xho Bap itk dirbeidEoBE ) liskogws t he method of

capturing EW light 6 fromthe reverse side of target 1 relative to the
20 M SRR A B AR
the oblique direction relative to the normal line of target 1 and EUV light 6 is
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
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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optical systemof EUV light 6, but both are optical systens with central
shielding of the pupil, and EUV light near the center of the optical axis
cannot be focused. Thus, beamstop 7 of laser light is arranged in this
section to reduce |aser |ight discharged fromthe EUV |light source. An
advantage of this nethod is that the Iight source is easily arranged on

t he EUV exposure apparatus since the optical axis of pulse laser light 5
is equal to the optical axis of EUV light 6. -16 Figure 4 shows the nethod
of providing,.disc:shaped tar in a.l. L EéJ\é l. § [ in the
second enbo ilgr%li?t4 gl?o‘? ghep%é:’ggél Of %]{?gjn(illg%?} S#%%‘Z%Ea{:rg i Séﬁg’p%\‘s%%ggﬁgr mis
continyously provided by target drive mechanism 9 i.n this epbodi nent, Laser
i ght dilg¥dighisedresny fg@eﬁecw‘gﬁm%%w% of the PreseRddRvERtiPRndaRe tfget 8
irradiated onto tape target 8. ‘So-called tape target 8 itself has |ong been
known, ibutpe fapeis angatucdshantavides ki fargeteduive m tsan Prigrthithe

conventional structure is used in this enbodinent. Figure 5 (a) shows the

st r uct Weh@himeuehlasérRght Rpaedraled BPlademlight s66ide 4 B fotswd hylehaBaand
substrate 10. Each hole 13 is opened in tape substrate 10 and each

A1 s ShHADRELLR'HIRL rddde {ftebl8! @blcaﬁegitgpéghggef 80311 UBhL bES kAo h, b

center of eac sc-shaped tar 11 1s ma o) and 1s 100 nm

t hi ck. The di t.er .of kSC-sh t t .11 i t at .1 to b
Vi ol AT St e o IR e divdrayeBfondiatrodiibg b SR 7

diameter of hole 13 is sufficiently larger than the convergent beam
di anet ébigmpadiamenti ght and virtual ly no danage fromlaser [|ight

Figure 5 (a) shows the structure 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 structures 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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irradi ation reaches tape substrate 10. The dianmeter here is 5 nm The wdth
of tape substrate 10 is 10 nm Virtually no thernmal contact is nade

bet ween di sc-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 draw ng,
but any nunber of three or nore is permssible. -17 Synchronized with
delivery of tape target 8 in Figure 4, pulse laser light 5 of 1.06 m

wavel engt h Syoshnaizeacvithgdelivean et tane tesggtot isBigusg 4 putsedasgrdightr el at ed
onto di sc-shaped target 11. The spot diameter of the laser is the same 1 mm
di anet aroé am whaslenfti AbgeNdIVAGHHtrsbadiead iofochsidensldng 3 snddjradiated so as
to be virtually 1 x 1011WcnR2. Consequently, the pulse intensity of the

l'i ght i&&ﬁm&@g&@g ga%%@ 14 he1RYL Sedi Bk bIR 1hSerk0 (RS sa kB8 EEOIE mdidie

output is sim at obtainhed in the first enbodi nent. A series of

di sc-shaped, t ets,1l.is arranged . .in Figure 5 ,_but, a plurality of

r ows r‘rﬁ’yg‘%%@t 8?\[“%58@5 Jrglg lgl??g\}\%l HEFB“W%Q a%t‘i‘)SFe((g%o SRS Ya%%uz{lg’r %gt may be
used a plurality of tines. Figure 6 is a draw ng .that shows one exanpl e of
the metiWotVém¥pr ARerRycie mudsseintanggbr of thadight1s 88 dlp weg sad thegpulse
structure 12 are preforned in polyimde resin tape substrate 10, followed
by adhesiplitule itd0get THedrefdra) thedowdpupissistitartiortbdt obfssned i theeficsint er  of
supporting structure 12. Sn is used in target material 14 here. A

pr edet emmdigghe®ss only of Sn that has been liquified by heating to nelt
can

A series of disc—shaped targets 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
be dropped in place since Sn is metal with a comparatively 10W 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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be dropped in place since Sn is netal wwth a conparatively |ow nelting
point (231.9C). Polyimde resin is not damaged 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
congeal s into a sphere through surface tension and solidifies. Next,
pressure is applied fromboth sides of tape to conplete pressing of target
mat eri al 14 adhered to supporting structure 12. A tape target provided with

omstr SR OIARR RO M ol BN Rhe SHRABLY [0o LIS d2q 827 O

constr S nmanner. ess I SC-S arge can be

adj usted, by the pressur in pressjng._ Figure 7 is a _draw ng that shows
anot herth&@ﬁﬁlnérogr ehbcdper ol s shams et fhﬁ%nﬁa@&mst%ﬁ. by QIPESSPUYS) s
a planar figure, (b) is an A-A cutaway drawing, (c) is a B-B cutaway
drawi ngn fRessingi de resin is used in tape substrate 21. Tape substrate 21
has a | adder shape as shown in Figure 7 (a). On the other hand, target 22

has a structRiggrd PigRidghwith StatsShapactdoth@ed g’ dthe eortikagiead sayh aar r ow
sections 22b. Narrow section 22b is affixed to section’ 2la correspondi ng

to the .« f r . - why §h. £ ar get
22 is st& pg)g?]fgce% Sgnl’ﬁlggggeiqgé)b%targ%%%?@%%’s(g} %h%%écfkl %ég}:%g%p%a T ’E)cgsl?%i oned
in theﬁg{ner of éect.i on 2la corresponding to the rungs of the |adder of

tape s YA 81985188 to |ie in section 21b which is devoid of tape

substrate 21. Therefore, even if disc-shaped target 22a is irradjated
Polyimide resin is used in tape substrate 21. Tape substrate 21 has a ladder

shape as shown in Figure 7 (a). On the other hand, target 22 has a structure in which
disc-shaped targe;ts 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 con'esponc'iin’g,r to A-A profile in Figure 7. Film of
target 22 material is formed 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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with laser |light, any danage caused by |l aser light irradiation would not
~affect tape substrate 21. Reference nuneral 23 denotes a hole that is
opened in tape substrate 21. The timng of laser light irradiation is
determ ned by detecting the position of this hole. Figure 8 is a draw ng
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. Filmof target
22 material is forned by sputtering on the side w thout depression 21c of
tape swdbsispatdingltowheonunts &), Matkomieflitaget 2D Athed athexhipedssoveent i on
2la -19 corresponding to the rungs (a). Material of target 22 is etched in

the sh WR B iy, 8he entPHDBREABSINGY red iR d B3t dtERingiapk REBStrhte 2EdUCE
by etcﬁﬁgbﬁ{g\ggdgub%tra%&ré 21ento form holler821b. ?jrai’tpartntgof 9depre;,:si on 21c

o L A e R e

Figure 9 (a) is.a planar figure, and Figure 9 (b) is a cutaway draw ng

al ong S@bé‘tliaﬁeapgure 9 (a). Polyimde resin is used for tape substrate 24.
Filmof target material 25 is formed on tape substrate 24. Furthernore,
hol es 24a arRighoy fegla dirawingthdtshewsainother excapelesfithe paeduc2ipn ofdapet
material is exposed in part of tape substrate 24 and it plays the role of

a pl at exshansdrigie ot (af o 4 PR figuradidd FORLRY (b ses chighdy 8favwitigsalong
section. Figure 10 is a drawing that shows the step of producing of the

tape t %Q?{I?Figure 9 (a).

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 substrate 24 and it
plays the role.of a plate-shaped target following irfadiation 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 sub‘sfrate.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 (Sn0O2) may be used, as well as plastic resin in which

fine Sn particles are dispersed.
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shown in Figure 9. It shows the portion corresponding to profile CGCin
Figure 9. Filmof target 25 material is fornmed by sputtering on the side
wi t hout depression 24b of tape substrate 24 upon which is forned
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 netal is used as target material in the enbodi nent,
but the sane effects would be realized even if material containing

el ement al used. For exanpl e, nds s as tin, oxide (.Sn02)
may be usedl h\éeEﬁM 9XPREUTS| HRRATATHBI the ¢m 18%‘11‘510;# ﬁge BFCSSRE invendionghas

di spersed. -20 The EUV exposure apparatus in the enbodi nent of the present
i nvent itha bhss sttumuirasi « catventionabapparates shenniioFaguzpbhvatshebdan in
Figure 11, with the sole difference lying in the use of the |laser plasm
EWV | i Ghifesids CENBYA SHEREe bt RisePHRSAH EUWREhE QurcEPusaaifnblife an

expl anation of the apparatus is omtted. -21 CLAIM . A laser plasma EW
i ght PR 1£béﬁt1&?pﬁﬂﬁ§e%f£ﬁrlgruﬁﬂ%% I g%flthg%pﬁpﬂus i$ g at ed
t hr oug asma conver sl on rra latron of "a targéet wt | aser

l'i ght, mhereln the target is a plate shaped t ar get haV|ng di mensi ons t hat
are virtually equal with the convergent beam di aneter of the |aser |ight.
2. The | aser plasma EUV Iight source of Claim1 in which the thickness of
the pl ate-shaped target is not nore than 1000 nm
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3. The l'aser plasma EUV |ight source of Caim2 in which the thickness of
the pl ate-shaped target is not nore than 100 nm 4. The | aser plasm EUV
light source of daiml in which the shape of the plate-shaped target is
circular viewed fromthe direction of EUV Iight output. 5. The |aser plasna
EUV light source of Claiml in which the material of the pl ate-shaped
target is Sn or material containing conpounds thereof. 6. The target used
in the |aser plasma EUV Iight source of Claiml1l in which the plate-shaped
target is held against tape by a support nenber in a hole of the tape. 7.
The target of Caim6 in which the CBAEMISS pol yinide resin. 8. Tape
material in which plate-shaped material is held against tape by a support
menber in a hole of the tape. 9. The tape material of Caim8 in which the

tape is pol yi m da ragsi ﬁlasnﬂaOE[ﬂhEFﬁﬁécﬁﬁbe sgkaptutdiead Agpht haaBUR Bt | i ght
source of Cdaiml in which the plate-shaped target that is connected by

narr ow Bl & dlerh (I8N GRkL Widdha é{ﬁﬂ}etﬂgﬁ)nqgll&pﬁlgﬁkgécﬁ%ﬁgﬂe?g tagg;eg Sfith S

adhere olst%pe avi ng a ape, whereln at e-sha target is

| ocat eq between the rungs of the l.adder-s ed t.ape and the narrow

ot o § ARG HSae P RN irig SRERS T ST AT TRARe AraReet FETe1 1 The
target of daim10 in which the tape is polyimde resin. 12. Tape materi al

i n whi ctirtplally equabhpéth the eonivargeartdeansdieoraier pehepypsembghiow mat eri al

identical with that of the plate-shaped material is adhered to tape
2. The laser plasma EUV light source of Claim 1 in which the thickness of

the plate-shaped target is not more than 1000 nm.

3. The laser plasma EUV light source of Claim 2 in which the thickness of
the plate-shaped target is not more than 100 nm.

4. The laser plasma EUV light source of Claim 1 in which the shape of the
plate-shaped target is circular viewed from the direction of EUV light output.

5. The laser plasma EUV light source of Claim 1 in which the material of
the plate-shaped target is Sn or material containing compounds thereof.

6. The target used in the laser plasma EUV light source of Claim 1 in
which the plate-shaped target is held against tape by a support member in a hole of
the tape.

7. The target of Claim 6 in which the tape is polyimide resin.

8. Tape material in which plate—shaped material is held against tape by a
support member in a hole of the tape.

9. The tape material of Claim 8 in which the tape is polyimide resin.

10.  The target used in the laser plasma EUV light source of Claim 1 in

which the plate-shaped target that is connected by narrow material identical with

-22.



havi ng a | adder shape, wherein the plate-shaped material is |ocated between
the rungs of the | adder-shaped tape and the narrow material is located in
the rung sections of the | adder-shaped tape. 13. The tape naterial of
Caim12 in which the tape is polyimde resin. 14. The target used in the
| aser plasma EUV Iight source of Claiml1l in which target material is
adhered to tape, wherein holes are opened at fixed intervals, in the tape,
tape fromthe opened sections renmins renoved, and the target material at
t he secthibofsthe@lpte Sewetiorgatas edberpddd tape jevinglpladiliee shapgerhespirghei m 14
in which the tape is polyimde resin. 16. Tape material to which materi al

i s adheiad-shaped @hfbdial kratfichéasveah the irnags bfMlerlvddsr-thapal tapenthd dpe from
t he opened sections remaining renoved. 17. The tape material of Claim16 in

whi ch glglfxr'] mhﬁgp%o¥hﬂegq?rtﬁ§ ir nigﬁgcti&lsr@{tﬂQQa@&erpg lé%i;cﬁ el he target of

Claim e1s forne tape, a support ef is forned in

the hole so_.as tgq,be supparted .the .t nol ten target .material is

dr opped ont (ﬁt he%gﬁgﬁlfﬁ Oﬁg‘ﬁrﬁlﬁ? liér’lﬂ “&)‘Fﬁgﬁ? e ISfP&TJFE}%S TeHY- pressi ng of
the solidified target material to a predeterm ned thickness. -23 19. A

met hod of pr8duciliape matetigt fpvhigh vladewhaped majpniehthedge copnastedibpr essi ons
established at fixed intervals is prepared and target material is

deposi tracron nidterial tenvical wétlt dpe ofithd pldtedbpped siadnsial &f ddhierathite hapiche
target material that is connected by narrow material identical with that of

the pl %a%ﬁ%@@@&liéﬁé}%b, WwherciRARE ¢ 1418 Hagbil Roatefial LOMBE Db RAEERY t he
t hi ckness of the tape by etching and
rungs of the ladder-shaped tape and the narrow material is located in the rung
sections of the ladder-shaped tape.

13. The tape material of Claim 12 in which the tape is polyinﬁde resin.

14.  The target used in the laser plasma EUV light source of Cla.lim lin
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.

15.  The target of Claim 14 in which the tape is polyimide resin.

16. Tape material to which material is adhered, wherein holes opened at
fixed intervals therein and tape from the opened sections remaining removed.

17.  The tape material of Claim 16 in which the tape is polyimide resin.

18. A method of producing the target of Claim 6 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 of the solidified target material to a predetermined thickness.
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opening a hole in the depression of the tape. 20. A nethod of producing the
target of daiml14 in which tape with depressions established at fixed
intervals is prepared and target nmaterial is deposited on the side of the
tape w thout depressions, after which the thickness of the tape is reduced
by etching and a hole is opened in the depression of the tape. 21. A nethod
of providing the target in the laser plasma EUV light source of Claiml in
whi ch individual plate-shaped targets are each conveyed on a carrier gas

] v shs | | conv e
and sprayedfr &r%%flg t s‘g rgauc1§1gf{%é hodopbr PLAW 90 RS wiHieh EAFORLtH N the

| aser plasma E rce aiml in which a nozzle is vibrated and

each of the pl ate-shaped t ts i s ,sprayed fro he by the

vi br at idﬁar‘?%%’é.%é%oﬁlﬁ%eﬂ&%% JRtgv Bl 1§ipﬁépq,r}%1 Efl};r?r gaégei?%%\t% ‘%1%‘11 1)aélser pl asma
EUV light source of Claim1 that uses the target -of Claim6 in which the
t ape i slemositetl 61 the side o she pangi withowdansessions Alieriphich the tangghmaterighung
to a tape w nding apparatus that w nds the tape, and the pl ate-shaped

t ar get that pr@vinde@dthy tdeoeonsierieé identpel mitlothatl afsbe platghshiaphdtatget is
positi oned between the rewi nd apparatus and the w nding apparatus by

wi ndi n%h%{a/@? !b%%chin%f‘fo?l%wef& bgemfeﬂggir@fthﬁ rtBydkeie8g of 11 fapedBtetitRinghend aser
0 a

pl asma E i ght source iml that uses the target of daim110 in
whi ch the_tape,is wmound, fr.om: wi nd apparatus about which the tape
e wourtdoriis el R AR obf:

appar at wi nds the tape, and the
plate-shaped fargel ol o prodeintg it Morged W L1953 1B W Yhipe with
depressions established at fixed intervals is prepared and target material is
deposited on the side of the tape without depressions, after which the thickness of the
tépe is reduced by etching and a hole is opened in the depression of the tape.

21. 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.

22. A method of providing the target in the laser plasma EUV light source
of Claim 1 in which a nozzle is vibrated and each of the plate-shaped targets is
sprayed from the nozzle by the vibrating force.

23. A method of providing the target in the laser plasma EUV light source
of Claim 1 that uses the target.of Claim 6 in which the tape is wound from a tape
rewind app aratué. about which the tape is wound to a tape winding apparatus that
winds the tape, and the plate-shaped target is provided 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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| aser light that is positioned between the rew nd apparatus and the w nding
_apparatus by wi nding the tape. 25. A nmethod of providing the target in the
| aser plasma EUV Iight source of Claiml that uses the target of Claim 14
in which tape is wound froma tape rewind apparatus about which the tape
Is wound to a tape w nding apparatus that winds the tape, and the
pl at e-shaped target is provided to the convergence point of |aser |ight
that is positioned between the rewi nd apparatus and the w ndi ng apparat us

IR PSS e VR R R
of Claim 1 that uses the target of Claim 10 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 the convergence point of
laser light that is positioned between the rewind apparatus and the winding
apparatus by winding the tape.

25. A method of providing the target in the laser plasma EUV light source
of Claim 1 that uses the target of Claim 14 in which 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 the convergence point of laser light
that is positioned between the rewind apparatus and the winding apparatus by
winding the tape.

26. An EUV exposure apparatus that uses the laser plasma EUV light

source of Claim 1 as the light source.
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