"FPO1- 0005- 00 DESCRI PTI ON  SYNTHETI C SI LI CA GLASS VEVBER, PHOTCLITHOGRe\V
APPARATUS AND PROCESS FOR PRODUCI NG PHOTOLI THOGRAPHY APPARATUS 5¢ J MAT 2304
Technical Field The present invention relates to a synthetP8l- @ﬁ@ﬁc@Cglass
menber, to-a photolithography apparatus and to a process for producing the
phot ol i t hography apparatus. Mre specifically, it relates to a 10
synthetic silica glass nenber for a photolithography apparatus used in an
optical systemwth Ienses, mrrors and the |ike for photolithography
technol ogy, in a specific wavel engDBSCRDBEIOR no greater than 400 run and
preferably no greater than 300 nm to a 15 photolithography apparatus
constructed usi NGSRILHET DPt$ TRICheGhAES MIMRER, aPRO0CRITHDOGRAPHYduUCI Nng t he
phot ol i t hography apparatus. Background Art Photolithography apparatuses
known as "steppers” 20 (projection BRPRBNTESapparatuses) are
conventionally wused for photolithography techniques which acconplish
exposure and tRHDsSPROCESSI AR CROSUEANGe PO Tafl. IMHCEaRAF T AHFARATISS ont 0
wafers of silicon or the like. The optical systemof a stepper is
constriuct ed VtaédhraicaRFieldim nati on optical systemwhich uniformy
irradiates light froma |light source onto a reticle and a 1 FPO1-0005-00
proj ection opticalTlsysimasevt cinpenf ot srahdt¢s ansfer synthetic

silica glass member, to a photclithography apparatus

and to a process for producing the photolithography

apparatus. More specifically, it relates to a
L0 synthetic silica glass member for a photolithography

apparatus used in an optical system with lenses,

mirrors and the like for photolithography technology,

in a specific wavelength range of no greater than 400

nm and preferably no greater than 300 nm, to a
15 photolithography apparatus constructed using such

optical members and to a process for producing the

photolithography apparatus.

Background Art -

Photolithography apparatuses known as "steppers"

20 (projection exposure apparatuses) are conventionally

used for photolithography techniques which accomplish

exposure and transfer of intricate patterns of

integrated circuits onto wafers of silicon or the like.

The optical system of a stepper is constructed with an

25 illumination optical system which uniformly irradiates

light from a light source onto a reticle and a



the integrated circuit pattern formed on the reticle onto a mafernaqﬂaq

reduction, for exanple. Recent higher integration of LSIs has requfred* 5"

even shorter wavel engths for photolithography apparatus FP§ht 096%r-Ods,

-~ fromg rays (436 nm to i rays (365 nm or even KrF (248.3 nm or ArF
(193.4 nm excinmer |lasers. There has also been a correspondi ng demand f
phot ol i t hography apparatuses all owi ng exposure with 10 even finer m ninu
wor kabi lity beam wi dth. However, when the light source emits light with
wavel ength rrrgeedhichecmticali syeterneghonh andjpatsi eadathpnisifertshe
regi on below 250 rim the light transmttance is too poor for practical
when enpl oyi nghd ezt gt er¢dl s1ragitspdtiarnl Fomiadt bontbpt redlicdgst ens and
projection optical systens designed for light with a | onger wavel ength
regi on than iontaysa waher nete2i &f 8 bsddctnoni | Eam ratinpheopti cal systens
and projection optical systens are therefore limted to silica glass an

sone 20 crysta

meRerént shidlaer ekhidgrahigh bfghfItrhasnrettanced Wen a

silica glass nmenber is used in the optical systemof a photolithography
appar &t us, exvanghotieh waial ¢rgths fegupheticl othegpepbryeapbatrbeus
integrated circuit pattern with a large area at high resolution. 25 For
exanpl e, for dighenmeoundes afrehayivevy (4eg§enmii hoeierapb aB6Gt nRO0 nm
the refractive index 2 FPO1-0005-00 distribution of the nmenber nust be o
the order of aw evgrediwr (hdh. 108 ¢r ArxFal$B3nécessaeyciveredlasershe

bi refringence,

.e. mnimze internal strain of the nenber, and this

i mproves t he Theforhdg yalofo thren a corresponding demand for

photolithography apparatuses allowing exposure with

10 even finer minimum workability beam width. However,

when the light source emits light with a wavelength

range in the ultraviolet region, and particularly in

the regicn below 250 nm, the light transmittance is too

poor for practical use when employing lens materials

15 used in illumination optical systems and projection

optical systems designed for light with a longer

wavelength region than i rays. Lens materials used in

illumination optical systems and projection optical

systems are therefore limited to silica glass and some

20 crystal materials that exhibit high light transmittance.

When a silica glass member is used in the optical

system of a photolithography apparatus, extremely high

guality i1s required for exposure of the integrated

circuit pattern with a large area at high resclution.

25 For example, for a member with a relatively large

diameter of about 200 mm, the refractive index
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5 refractive index distribution and is also inportant for the resoluti 0.y,
of the optical system Consequently, there have been strict |intations vn
silica glass menbers nmade of silica glass alone that can BROus&E 5000
phot ol i t hogr aphy appar at uses enploying ultraviolet 10 |ight from an exciner
| aser stepper as the light source. |In addition, silica glass nenbers used
for photolithography apparatuses using ultraviolet light as the |ight
source must have high transmttance (snall loss factor) in addition to the
af orenent i onedigbsrcontibtnons. thki sembdrecausse b wer yrHargelawmb®ernof
| enses are provided in the illum nation optical system or projection
optical systegrehtarphbaol iORogr dithyis anpsr aterse$sa conpensatiecéothe
aberration, and the optical |oss of each individual lens can lead to
reduced 20 transpafttagencef tihe.appadatiue asternad etrIiln caf gliass i ncl udes
fused silica glass obtained by nelting natural crystal powder and
synt heti ¢ si | membegl assdobhasnedpbyvelse rheah:ndyotriesiys o thuthesynt heti ¢
silica glass is characterized by being of high purity 25 with | ow netal
impuribi es, andfhavingehigbHext dassmibuiance Bod dlst rdwicolietpdrimghit ofom
wavel ength of 3 FPO1-000S-00 250 nmor snaller. Honbgeneous synthetic
silica glass thwtheaolargenapér theecpdncallseyiseepr.oddoed edueritd t,he nature
of the production process. Disclosure of the Invention 5 Even with
synthetic siltoarglhsse hempvetritheliadtiatnonk anhisgh ipawerlads r avi ol et
beam or excinmer |aser beam produces a 260 nm absorption band due to
members made of silica glass alone that can be used for

photolithography apparatuses employing ultraviolet
L0 light from an exéimer laser stepper as the light source.

In addition, silica glass members used for
phectolithography apparatuses using ultraviolet light as
the light source must have high transmittance (small
loss factor) in addition to the aforementioned

15 conditions. This is because a very large number of
lenses are provided in the illumination optical system
or projection optical system of a photolithography
apparatus to compensate for aberration, and the optical
loss of each individual lens can lead tc reduced

20 transmittance ¢f the apparatus as a whole.

Silica glass includes fused silica glass obtained
by melting natural crystal powder and synthetic silica
glass cbtained by chemical synthesis, but synthetic
silica glass is characterized by being of high purity-

25 with low metal impurities, and having high

transmittance for ultravioclet light of a wavelength of




structural defects known as NBOHCs (Non-Bridging Oxygen Hole Centers, ,,, ...
having the structure =-Si-O) or a 215 nm io absorption band due to * R
structural defects known as E centers (having the structir@l -=&Bs-00here
= is not a triple bond but represents bonding to 3 oxygen atons, and -
represents an unpaired electron), and transmttance in the ultraviolet
region is 15 significantly reduced as a result. Because the center

wavel engt hs of these absorption bands are close to the oscillation

wavel engt h of 2bRenkr Bresoizdgerl.as éororgefrdouexaimeretl iasesi lisesl @baske |ight
source of the stepper, the transmttance of the optical systemis

consi der abl y R0theduéedgby abeglitirabsarptalen b laragmcd due ahsotlpé i on
band is al so soneti nmes produced even with ow total ultraviolet beam
irradi ati on (matowei pfadhat popdeneigy paocasshort irradiation tinme). Since
the absorption band is usually produced at the initial stage of 25
irradi ati on obianlesureeprf| &ber Invieatdlsorption is referred to as initial
irradi ation absorption. Thus, 4 FPOL-0005-00 not all synthetic silica

gl ass Ban necessarEvgnbeitbedyntoetiensifenerd aefs ,suctveaapngr athsses, and
therefore synthetic silica glass with lowinitial irradiation absorption
i s necessary antbederfte baghspaweor ulyravgedrednteerpreactdxzalmgrer f or mance
for the apparatus. To date it has been independently confirned that the
desired propettses Peemanrogticeal angie nmusddcirptd onpheial iddwography
apparatus enploying an ArF excimer |aser or the like with a wavel ength of
200 nm or | esstructural defects known as NBOHCs (Non-Bridging Oxygen

Hole Centers, having the structure =Si-0-) or a 215 nm

10 absorption band dﬁe to structural defects known as E'
centers (heaving the structure =35i:, where = is not a
triple bond but represents bonding to 3 oxygen atoms,
and + represents an unpaired electron), and
transmittance in the ultraviolet region is

1% significantly reduced as a result. Because the center
wavelengths of these absorption bands are close to the
oscillation wavelength of the KrF excimer laser or ArF
excimer laser used as the light scurce of the stepper,
the transmittance cf the optical system is considerably

20 reduced by light abscrption. A large 215 nm absorption
band is also sometimes produced even with low total
ultraviolet beam irradiation (= low irradiation energy
cr a short irradiation time). Since the absorpticn
band is usually produced at the initial stage of

25 irradiation of an excimer laser, the absorption is

referred to as initial irradiation absorption. Thus,




i0 as the light source are a low |l oss factor before irradiation w th fan ;°o;
ArF excinmer |aser beam (wavel ength: 193.4 nn) and low transmttance
reduction even with prolonged irradiation with an ArF exdBEr-0@3er0¢i . e.

| ow prol onged transm ttance variation); however, it has 15 been difficult
to obtain silica glass nenbers satisfying both of these properties, and
therefore no photolithography apparatus has existed with an ArF exciner

| aser enpl oying such a nenber as the light source. 20 It is an object of
the present insentldnsymhhehichad liesn cdesemplas heddasdiight o ddese
problens, to provide a synthetic silica glass nenber which can increase

the transm tt dneelefisamphbteoki bHographwy prappanatass el dHare fordr F exci ner
| aser as the |ight 25 source and thereby exhibit adequate properties for
practical usesyasheelit aslachi gheseseliuti drowb iFRAL-2100Grdliation
phot ol i t hography apparatus enploying it and a process for its production.
The present iakeotptsohnieshegatedriyhan peldati arslugt ixtameiritlne properties
of silica glass-and 5 the degree of the initial irradiation absorption in
order 50 el ucgdatenthe paaseiotlt berifoirtizalcel foaditaied Gppaaleorspti on of
silica glass for ultraviolet light. As a result, it was found that when
silica glass is syantdesezéd hasabeedudnngpataespier edndi rdepl haf 10
hydrogen in order to achi eve enhanced durability, providing an atnosphere
that is nore sheodgtyreddpecongrttbkanfneceassapy icedumesbiar sidddarglass
containing a
photelithograpny apparatus employing an ArF excimer
laser or the like with a wavelength of 200 nm or less
10 as the light soufce are a low loss factor before
irradiation with an Ar¥ excimer laser beam {wavelength:
193.4 nm) and low transmittance reduction even with
prolconged irradiation with an ArF excimer laser {(i.e.
low prolonged transmittance variation); however, it has
15 been difficult to obtain silica glass members
satisfying both of these properties, and therefore no
photolithography apparatus has existed with an ArF
excimer laser employing such a member as the light
source.
20 It is an object of the present invention, which
has been accomplished in light of these problems, to
provide a synthetic silica glass member which can
increase the transmittance of a photolithography
apparatus employing an ArF excimer laser as the light

25 source and thereby exhibit adeguate properties for

practical use, as well as a high-resoluticn



hi gh degree of the structural defect =Si-H (which is easily cleaved by. ..,
ultraviolet irradiation with |ow 15 energy density to becone an E ‘center)”
which is a cause of lower transmttance of the silica gl @a88lmefdér-00r in
other words, that silica glass with a greater hydrogen nol ecul e
concentration tends to exhibit high initial irradiation absorption. It was
found at the 20 sane tine that silica glass containing virtually no

hydr ogen nol ecul es exhibits reduced transmttance with prol onged

i rradi ati on whdteahi Andgexchpespbasetus Tanglovhagsynt hetli @ girbicea gl ass of
the invention is a synthetic silica glass nenber used in a 25

phot ol i t hogr afdwy Bfppapaddsceibghoying light in a wavel ength range of 400 nm
or | ess, wherein hydrogen 1 ,14 6 FPOL-0005-00 nol ecul es are present at a
certain | evel and The & sé¢ht concentonsi bnvesthgueeedtiari ng synt hesi s by
appropriately adjusting the hydrogen nolecule concentration of the silica
gl ass during synitheshiship lbebyvs@duchagpatpespbheseoft be lteabel abei agd
characterized in that, upon 1 x 10" pulse irradiation with an exci ner

| aser mt an eftes gledlonsidy thomOididl ciPpativa?006n mBserPpionhhenl oss factor
at 193.4 nmneasured after irradiation (i.e. the initial irradiation
absorption) Xrxder noo gekatedatdarhd. O058e cof lthéhenhydrdgenradliacube
concentration is from1l x 1016 nol ecules/cn8 to 2 x 1018 nol ecul es/cnB and
the | oss factaysdxftoren wfravldetglass afibat ubbrasindegr @éatar .t has @ 0020
cml.

result, it was found that when silica glass is

synthesized in a reducing atmosphere for doping of

10 hydrogen in orderﬁto achieve enhanced durability,
providing an atmosphere that is mere strongly reducing
than necessary results in silica glass containing a
high degree of the structural defect =Si-H (which is
easily cleaved by ultraviclet irradiation with low

15 energy density to become an E' center) which is a cause
of lower transmittance of the silica glass member, or
in other words, that silica glass with a greater
hydrogen molecule concentration tends to exhibit high
initial irradiaticn absorption. It was found at the

20 same time that silica glass containing virtually no
hydregen molecules exhibits reduced transmittance with
prolonged irradiation with an ArF excimer laser.

Thus, the synthetic silica glass of the invention

is a synthetic silice glass member used in a

25 photolithography apparatus employing light in a

wavelength range of 400 nm or less, wherein hydrogen



" The phot ol i t hography apparatus of the invention is 15 a photolithography

'!"‘11

appar atus conprising an exposure |ight source that emts light withia -/t
wavel ength of 400 nmor less as the exposure light, a reFP@ﬂeOWﬁ@hOQ
pattern inmage fornmed therein, an illumnation optical systemthat

irradiates |light outputted fromthe 20 exposure |ight source onto the
reticle, a projection optical systemthat projects the pattern inmage
outputted fromthe reticle onto a photosensitive plate and an alignment
system t hat posiediohss tdeereteséet antdl at berphdbosensilt and phat eSiwkierei n at
| east some of the 25 synthetic silica glass nenbers conposing the
illum nation opteeat rsysteni st hewsyad h@titngi yochhgbassb¥ FPO - O00S- 00
menbers conposing the projection optical systemand the reticle (for
exanpl e, the amptépmiarel ensdiisyaye teashydcogdenseletens, projection
| ens, etc. in the described enbodinent) consist of synthetic silica glass
menbers 5 characterizedias désth¢ bedl abavelaBy donstgusynhbealks an sone of
the optical nmenbers of a photolithography apparatus (for exanple, the
stepper 1 in tdindieseratecsendodi neme )nesbay syhhbdetherastkrcaedl ass
menbers according to the |nvent|on it is A possible to ensure high
transm ttancelamtd ageguat ex o opn;erltaaasmmdm@cm cdl thusen exsenimden t he
light source is an ArF exciner |laser. The synthetic silica glass nenber
has a hydrogelresmt ectul & coreeqy réeioht pf f1ox a016ndbtetud eisd cB0to 2 x 1018
nol ecul es/ cnB and A loss is factor of no greater than 0.0020 cm 1 before
ul travi ol et Hmlhnmamhomhe loss factor at 1923.4 nm measured after
irradiation (i.e. the initial irradiation absorption)

L0 is noc greater than 0.0050 cm™, the hydrogen molecule
concentration is from 1 x 10'® molecules/cm® to 2 x 10'f
molecules/cm’ and the loss factor before ultraviolet
irradiation is no greater than 0.0020 cm™

The photolithography apparatus of the invention is

15 a photolithography apparatus comprising an exposure

- light source that emits light with a wavelength of 400
nm or less as the exposure light, a reticle with a
pattern image formed therein, an illumination optical
system that irradiates light outputted from the

20 exposure light source onto the reticle, a projection
optical system that projects the pattern image
outputted from the reticle onto a photosensitive plate
and an alignment system that positions the reticle and
the photosensitive plate, wherein at least some of the

25 synthetic silica glass members composing the

illumination optical system, the synthetic silica glass



A hydrogen nol ecul e concentration of less than 1 x 1016 nol ecul es/ cnB
results in greater reduction in transmttance with prolonged irradiation
with an ArF 20 excinmer laser. On the other hand, synthesi 820ad€P05-00
h a hydrogen nol ecul e concentration of greater than 2 x 10'8

conditions wt

nol ecules /CM3 tends to result

[ e

in a higher =-Si-H concentration as wel |

and greater initial irradiation absorption, and a non-uniform hydrogen 25

nol ecul e concentration in the silica glass.
construct ed usimzeas 8c$if0ds DOOSENO synibeticnsecbicaadl agstaenbed wiheh a
greater than 0.0020 cm 1 before ultraviolet irradiation

| oss factor of

has | ow transmtiaice( {ohrovghple) the thelopatcal lesyst Eayayealehasl e
| ower resolution is exhibited 5 due to heating of the nenber upon

i rradi ati on wdrddarneer | hawes, oprehangesni henxbe stcfate shapdestmibke case of

a synthetic si

enpl oying it
produci ng the

A phot ol i t hography appar at us

and

lica glass nmenber with a loss factor (initial irradiation
absor ption) eatestlimen) 0O50s oot lof asyvritBediansbasar etdaakt eemberadi ati on
with 1 x 104 10 pulse irradiation at an energy density of 0.1 pJ/cn2p
200 mH cnkp, Ghdmrgeveredtadndéscribednaboance is exhi bited when the
| aser is swtched on or off, and therefore the photolithography apparatus

has By |lamgetfughinexosbbure sané atfohhe 185pTheapr nembsrkor

phot ol i t hography apparatus of the invention conprises an

to

i ngot synt hesi A mhstepl thogrdehy sapyatdets c (Edti eragbass thagot with a

hydr ogen nol ecul e concentration of from1l

nmol ecul es/ cnstiepper 1 in the described embodiment) using synthetic

silica glass members according to the invention, it is

10 possible to ensure high transmittance and adequate

properties for practical use even when the light source

is an ArF excimer laser. The synthetic silica glass

member has a hydrogen molecule concentration of 1 x

10*® molecules/cm® to 2 x 10'® molecules/cm® and a loss

15 factor cof no greater than 0.0020 cm”

! pefore

ultraviolet irradiation.

A hydrogen molecule concentration of less than 1 x

10%® molecules/cm’ results in greater reduction in

transmittance with prolonged irradiation with an ArfF

20 excimer laser. On the other hand, synthesis under

conditions with a hydrogen meolecule concentration of

greater than 2 x 10'® molecules/cm® tends to result in a

higher =Si-H concentration as well and greater initial

irradiation absorption, and a non-uniform hydrcgen

25 molecule concentration in the silica glass.

A photolithography apparatus constructed using a

X 106 nol ecules/cnB3 to 2 x 1018

A



20 synthesized; an ingot cutting step in which the synthetic siligca:glass
ingot is cut to obtain a synthetic silica glass nenber of the prescrlbed
shape and size; a |loss factor measuring step for neasure®@dtl - 06f0 S+ | oss
factor of the synthetic silica glass nmenber 25 before ultraviolet
irradiation and the loss factor at 193.4 rimafter irradiation with an ArF
exci mer | aser 9 FPO1-0005-00 with 1 X 104 pulse irradiation at an energy
density fromO.1 ui/cnv-P to 20.0 M/CMVM2_p, to obtain a synthetic silica
gl ass nenber swhhhatiossiiachoglessnoengeeatertht hanoc8s0@2@tem btbef ore
ultraviolet irradiation 5 and a |l oss factor of no greater than 0.0050 cm1
at  193. 4 nmgaadtan bbamcalOsyétem?c@mﬂummhﬂngaﬁxﬁieﬁ11nwndjhﬁimn
synthetic silica glass nenber obtained in the |oss factor nmeasuring step
is used to coms$rlust atanteastasose (ohrbhehpyuny hébirc thiel bpgiglhass nenbers
J-0 conposing the illumnation optical system the synthetic silica glass
nmenbers conposysgert hes ps ojlesl épnandploval sgstemtand tbeekatbeked Accordi ng
to this production process, it is possible to obtain a high-resolution
phot ol t hogr apphyy td shappanatos ehpl mginngraupynt hetkdiail beawghtassheenber
with a loss factor of no greater than 0.0020 cm1 before ultraviolet
irradiati on almser |osschiawcgos Df tbegseafecet bAApO.0058 ¢helcakeld3. 4 nm
According to the invention, the distribution range 20 (variation width) is
preferably smaldyritoiethe siydiogenl avkenainbecontent patben ¥aktierin the
radial direction at any given point of the synthetic silica glass nenber.

: (initial irradiation absorption) exceeding 0.0050 cm™

at 183.4 nm measured after irradiation with 1 x 10°

L0 pulse irradiatioﬁlat an energy density of 0.1 nd/cm’-p
to 200 mJ/cm® p, a large variation in transmittance is
exhibited when the laser is switched on or off, and
therefore the photolithography apparatus employing it
has a large light exposure variation.

15 The process for producing the photolithography
apparatus cof the 1lnvention comprises an ingot
synthesizing step in which a synthetic silica glass
ingot with a hydrogen molecule concentratien of from 1
X 10*°® molecules/cm® to 2 x 10'® molecules/cm® is

20 synthesized; an ingot cutting step in which the
synthetic silica glass ingot is cut to obtain a
synthetic silica glass member of the prescribed shape
and size; a loss factor measuring step for measurement
cf the loss factor cof the synthetic silica glass member

25 before ultraviolet irradiation and the loss factor at

193.4 nm after irradiation with an ArF excimer laser



The radial direction is the direction along any desired plane in the::
menber perpendicular to the direction of 25 the incident irradi ated beam
. Specifically, for the hydrogen nolecule concentration at FPAé-€6Atelof the
10 FPO1- 0005-00 nenber (geonetrical center of gravity), the variation
wi dth V of the hydrogen nol ecul e concentration at any desired point on the
pl ane including this center preferably satisfies the condition represented
by -50% 5 < V < +50% and nore preferably satisfies the condition
represent ed byitl20bhx 16 ©ule20%r rHuist it leta anettedjstdebution range
(variation width) for the hydrogen nolecule concentration in the radial
direction of #iwmn Oehbef/cmt o $opessl ¥ amg - achiteveka astaldl e exposure 10
dose over a prolonged period without irregularity in the degree of
reduction in dyrartsstii¢ anckel @4 @yspanenber nwihe aehbes facthe pddnal
direction of the nmenber, even when the ArF exciner |aser is irradiated
thereon for argatodongedh period) b ‘Abeéppkanid¢daaboret wreradike ikrdr ogen
nol ecul e concentration exceeds 2 x 1018 nol ecul es/cnB the wvariation wi dth
of the hydr ogerd nol erid ef aoneent T atd ogred eadsthanbe. Dabfecn ™| mtorder to
reduce the variation of the hydrogen nol ecul e concentration, it is
preferred 20 1% adjnust are ox yogenl gas/ siysit e@gencgasritowngastept on 0. 25- 0. 40
for the total combustion gas (oxygen- containing gas and
hydr ogen- contdiimimg-pmsyyvejiect et sfyiom thkabsirmenbdur ohhaihedsihi thegl ass
ingot synthesis step. If the flowratiois withinthis range it will 25 be
possi bl e to ilndudaater meresysaryg nidrerisofusgdr ogeponstruct at

least some of the synthetic silica glass members
L0 compcesing the illﬁmination optical system, the
synthetic silica glass members composing the projection
optical system and the reticle.
According tc this production process, 1t is
possible to obtain a high-resolution photeolithography
15 appraratus employing a synthetic silica glass member
with a loss factor of no greater than 0.0020 cm™
before ultraviolet irradiation and a loss factor of no
greater than 0.0050 cm™® at 193.4 nm, -
According to the inventicn, the distribution range
20 (variation width) 1is preferably small for the hydrogen
molecule concentration value in the radial direction at
any given point of the synthetic silica glass member.
The radial direction is the direction along any desired
plane in the member perpendicular to the direction of -
25 the incident irradiated beam. Specifically, for the

hydrogen molecule concentration at the center of the

10




"molecules in the silica gl ass to prevent reduced 11 FPOL-0005-00 Dy
transm ttance during prolonged irradiation of light, while also mnimzing
the degree of =Si-H structure which is a cause of i ni ti aFPPLradi&ciosn
absorption, and to thereby reduce the variation width for the hydrogen 5
nol ecul e concentration; in addition, since the various conditions for the
i ngot synthesis step such as the synthesis burner shape, the raw materi al
flow, the oscillating pattern of the target holding the ingot, etc., are
al so factors mmtlerm njegnebhel bydrogehe10chofegul 8ycontbat variiem lion t he
ingot and its variation wdth, the =Si-H concentration, etc., appropriate
adj ust rent ofwidigsev cohdité omgcisgpn efieteedl e Fopnceranpkeoni Attt hayr aw
material flowis too high the center tenperature of the flame falls,
tendi ng to 1xlasisgd poimasterthydpbged tontedinattbhsdcsnkiebution. Brief
Description of the Drawings Fig. 1 is a general structural diagram show ng
an enbodi nemrafexdiel cost rufi¢ontloé eopibtbbit hegrephytedppar abis
according to the invention. 20 Fig. 2 is a general cross-sectional view
show iy an enbod meats ,ofarad praodugin e agiphy atasi $§Diesyohbetondisibhca
gl ass according to the invention. Fig. 3 is a schematic view of the burner
of the producipmorsappat dbws-3howh Ve Fi20% 2 dBhseerwitlnat wall5 exhaust
nozzle side. Fig. 4 is a flow chart showi ng the procedure for a 12
FPO1- 0005- 00 distributicon range ({(variation width) for the hydrogen
molecule concentration in the radial direction of the
member, it 1s possible to achieve a stable exposure
L0 dose over a prolonged period without irregularity in
the degree of reduction in transmittance at any point
in the member in the radial direction of the member,
even when the ArF excimer laser is irradiated thereon
for a prolonged period.
15 As explained above, when the hydrogen molecule
concentration exceeds 2 x 10'® molecules/cm’ the
variation width of the hydrogen molecule concentration
tends to be larger. In order to reduce the variation
of the hydrogen molecule concentration, it is preferred
20 to adjust the oxygen gas/hydrogen gas flow ratio to
0.25-0.40 for the total combustion gas {oxXygen-
containing gas and hydrogen-containing gas) ejected
from the burner during the silica glass ingot synthesis
step. If the flow ratio is within this range it will

25 be possible to include the necessary number of hydrogen

molecules in the silica glass to prevent reduced

11



"transnittance neasuring method. Fig. 5 is a general structural diagram-of--a
spect rophot oneter used for transnmittance neasurenent. Fig. 6 is a graph
showi ng an exanpl e of change in 5 the transnittance of a €&PlbP&tico®Ganpl e
with time - after conpletion of cleaning. Fig. 7 is a general structural
diagramof a «correcting transmttance neasuring apparatus used for
cal cul ation of the correction value KL. i0 Fig. 8 is a graph show ng an
exanpl e of the sanple thickness dependency of |oss of a correction sanple.
Fig. 9 is a graphsshowkngevaunrahgoprohohbed assafaettaonwotth ligdpmect to the
irradi ation pul se nunber for sanples corresponding to Exanple 5 and
Conpar ati ve IghEkanpleo Imikiglizi0gi sha degpkeshdwElg-Hasitaiichdmrien t he | oss
factor with respect to the irradiation pul se nunber for sanples
cor respondi ngvit oclicxasph ec8uaadoCopatatilvérredamplien3 ab20 rBesonvoded or
Carrying Qut the Invention 25 A preferred enbodi ment of the present
invention wtd tiosrdeyexpliacaethei variefépenvedta the aheadlyedogdrawi ngs.
Fig. 1 is a general structural diagram show ng an enbodi nent of a
phot ol 3 t hogr aphye @pparatwsentsaéepper 1h addotdpong saentketheveatiioms | n Fig.
1, the Z direction is the direction parallel to the optical 13
FPCl - 0005- 00 axigioionhefprofeet Lngcbpeiynbhesyst ere76ucthesYthei rection is
the direction in the plane of the paper
synthesis burner shape, the raw material flow, the
oscillating pattern of the target holding the ingot,
etc., are also factors determining the hydrogen
0 molecule concentration in the ingot and its variation
width, the =Si-H concentration, etc., appropriate
adjustment of these conditions is preferred. For
example, 1f the raw material flow is too high the
center temperature of the flame falls, tending to
15 result in easier hydrogen concentration distribution.
Brief Description of the Drawings
Fig. 1 is a general structural diagram showing an
embodiment of the construction of a photolithography
apparatus according to the invention.
20 Fig. 2 1s a general cross-secticnal view showing
an embodiment of a production apparatus for synthetic
silica glass according to the invention.
Fig. 3 1s a schematic view of the burner cof the
production apparatus shown in Fig. 2 as seen from the-

25 exhaust nozzle side.

Fig. 4 is a flow chart showing the procedure for a

12



and perpendicular to the Z direction, and the X direction is the di¥ectidn:

perpendi cul ar to the paper 5 surface and the Z direction. The stegper 1
~shown in Fig. 1 is constructed with an exposure |ight sofiFe&-820-rRat
emts light primarily wth a wavel ength of 400 nmor |ess as the exposure
light, a reticle Rwith a pattern inmage fornmed therein, io an illumnation
optical system 320 that irradiates light outputted fromthe exposure |ight
source 310 onto the reticle R a projection optical system 370 that

proj ects the syt ianaye e Putieg melomedéhe reticle R onto a wafer
(photosensitive plate) Wat a reduction of 15 1/4 or 1/5 and an alignnent
system 322 that pdsid.d dnsis tthegnaizl esRapdurak daseraw oAl 8o, at | east
some of the synthetic silica glass nenbers conposing the illum nation
optical systene320 (rflortameipt elsedheforot Tamemottérne, NEEgayeneshs,
condenser lens, etc.), 20 the synthetic silica glass nmenbers conposing the
proj ection opticalfigystem87 (faph edaepl ey ardecéngleppdj ebehon Lans,
etc.) and the reticle R consist of synthetic silica glass nenbers
accor di ng t o thee tinarenitgmnc® i e othkibmwkden airrbe sbhe bimehe
synthetic silica glass nenbers (including other lens and mrror 14

FPO1- 0005- 00 afdmyercomiote sitdwP hetlgamiieh- as the collimator lens, flyeye

| ens, condenser |ens, projection lens, etc. are characterized in that upon
1 x 104 Pul se irrddis%tionata FNetRel Groensiryl fdbasban gfcap-p to 200

m/cm,.P, 5 the loss factor at 193.4 nm neasured after irradiation
correcting transmittance measuring apparatus used for

calculation of the correction wvalue K.
L0 Fig. 8 1is a éraph showing an example of the sample
thickness dependency of loss of a correction sample.

Fig. 9 is a graph showing wvariaticn in the loss
factor with respect to the irradiation pulse number for
samples corresponding to Example 5 and Comparative

15 Example 1.

Fig. 10 is a graph showing variation in the loss
factor with respect to the irradiation pulse number for
samples correspending to Example 8 and Comparative
Example 3,

20 Best Mode for Carrying Out the Invention

A preferred embodiment of the present invention
will now be explained with reference to the attached
drawings. Fig. 1 is a general structural diagram
showing an embodiment of a photolithography apparatus

25 (stepper 1) according to the invention. In Fig. 1, the

Z direction is the direction parallel to the optical

i3



is no greater than 0.0050 cm1l. A synthetic silica glass nmenber AR
characterized in such a manner is obtained froma material with a '

- hydrogen nol ecul e concentration from1 x 1016 J- O nol eculf®@9l-OMBZ-a2@ x
-1018 nol ecules /CMB and a | oss factor before ultraviolet irradiation of no
greater than 0.0020 cm- (see the exanples and conparative exanples which
follow). The wafer Wis placed on a |eveling stage (not is shown) and the

| eveling stage is situated on a Z stage 382 which is finely adjustable in
the optical axxss direbéipnefEctioectpanradf stylseepr Gj7€ct ithie aptical system
by a driving notor 386. The Z stage 382 is placed on an XY stage 384 which
can nove in ther¢mni@0 dsnehsi dhakctX¥h dir etk opdane afstép- argharepeat
system driven by a driving notor 388. The reticle Ris placed on a
reticle stageald3Cpatpehdi sulmyvabbetha wdirdicnensi, onsdwithiei € t he hori zont al
pl ane. The exposure beamemtted fromthe exposure light 25 source 310 is
directed paraliedctoom cel thantibretensn paepeshdwn) airn tbhehiel pbamierat i on
optical system 320 and 15 FPO -0005-00 the beamintensity is rendered

uni forsn by a suyEyee|l&nd tii@ol Sshoenyiocmfter which it is condensed by a
condenser lens (not shown) and reaches the reticle R The light that has
passed t hrough theThetstépp® i § sbodensedFbyg.al5ipr apeestirantkens i(mot

shown) in the projection optical system 370 and reaches the wafer W and
thi s reduces an hexpodege at eghti sgurtepal tethatoemédsodithe petimalrea IR for
exposure of the wafer W

with a wavelength of 400 nm or less as the exposure
light, a reticle R with a pattern image formed therein,

L0 an illumination oftical system 320 that irradiates
light outputted frem the exposure light scurce 310 onto
the reticle R, a projecticon optical system 370 that
projects the pattern image outputted from the reticle R
onto a wafer (photosensitive plate) W at a reduction of

15 1/4 or 1/5 and an alignment system 322 that positions
the reticle R and the wafer W. BAlso, at least some of
the synthetic silica glass members composing the
illumination optical system 320 (for example, the
collimator lens, flyeye lens, condenser lens, etc.),

20. the synthetic silica glass members composing the
projection optical system 370 (for example, reducing
projection lens, etc.) and the reticle R consist of
synthetic silica glass members according to the
invention.

25 In other words, all or scme of the synthetic

silica glass members {inciuding other lens and mirror

14



neq)

The exposure beam fromthe exposure |light source sO 310 thus uniformy - *
irradiates the pattern fornmed on the reticle R through the illum nation
. optical system 320, so that the pattern image of the retiR§L-g95-00
transferred by exposure onto the shot area of the wafer Wby the
projection optical system 370. The exposure 15 beam may be an exposure beam
with a wavel ength of 248 nm (KrF excinmer |aser), 193 run (ArF exciner
| aser) or 157 nm (F2 | aser). Upon conpletion of transfer exposure of the
reticle R pamegbrrente tofdioshiothegreda Bich hes vidfercay lipotehel Xysst age 384
is noved by stepping so that the next shot area of the wafer Wis aligned
with the expdduyede regison condems gt ojatti @rartadn system 870. The two-
di mensi onal position of the |leveling stage on which the wafer Wis placed
i s const ant | yhawaictterddest ia 2hateswian ilork of 0 apalts 0 10T adma tfierm exanpl e,
by nmeasurenent of the distance froma nobile mrror 389 16 FPO -0005-00
anchored on &he ehevalyi igrstidge fusim@ -dn HhterT er 6eet2d ndricm shewn), and
the output of the laser interferometer is fed to the stage control system
350. The ret itbke 1Rsiss fpedioni arted %on 4 & md Bl eedtalecr Sl st idmt t he
center of the transfer pattern on the reticle Ris aligned with the
optical axisiAXnef grieetepr giheet o Gt iwal - system The positioning of the
reticle Ris acconplished using a plurality of reticle alignnent marks
(reticle marks) pPovivdéderésr Stihd cGutdra s i gthetiadctigmi zedithe R Two
types of reticle marks are provided: reticle marks for positioning in the
: such a manner is obtained froem a material with a

hydrogen molecule concentration from 1 x 10°
10 molecules/cm’ to Z:X 10'® molecules/cm’ and a loss
factor before ultraviclet irradiation of no greater
than 0.0020 cm™~ (see the examples and comparative
examples which follow).
The wafer W 1s placed on a leveling stage (not
15 shown) and the leveling stage is situated on a Z stage
382 which is finely adjustable in the optical axis
direction (Z direction) of the projection optical
system by a driving motor 386. The Z stage. 382 is
placed on an XY stage 384 which can move in the two-
20 dimensional (XY) direction in a step-and-repeat system
driven by a driving motor 388. The reticle R is placed
on a reticle stage 330 which is movable in two
dimensions within the horizontal plane.
The exposure beam emitted from the expcsure light
25 source 310 1s directed parallel to a collimator lens

{not shown) in the illumination optical system 320 and

15



direction and reticle marks for positioning in the Y direction. The, .. ..,
al i gnnment system 322 uses an exposure beamextracted by splitting part of
t he exposure beam 15 fromthe exposure |ight source 310 a5 %T%Q%g‘e&%e beam
(alignment "beam). The alignnment system 322 provides one beamat the
position of each reticle alignnment mark. The reference beans that have
passed through the illum nation optical system 320 are incident to the 20
reticle marks provided outside the pattern area of the reticle R The
reticle markstkonaean vrieRdttexhipredered anyuf @Fm tlpans phl vaive w eidws
formed on non- transparent sections surrounding the pattern. Wen an

al i gnment beafi®s skt el BT tWel ¢lotifel s reekdeneed opy 25 ¢endeeseers t he
al i gnnent system 322. The portion of the alignnent beamthat has passed

t hrough the re¢hgl €047 FPoMR DS oveamies passeset he bugh- t heherbi @leti on
optical system 370 and is incident onto substrate alignment marks (wafer
mar ks) for medthabums daehs shothaeedh othe hee Watee BVis Thendmfised nay ka3 need
not be provided surrounding each 5 shot area but may be provided only at
prescrbbed posritontonfleme Wdershewr) ekanpie, poriehbiperéphecal region
of the wafer. Two types of wafer marks are also provided: wafer marks for
posi tioni ng i fY$hen X3 o raed | bradhes willervake kW f cangoshisonedigcédm the Y 10
direction, corresponding to the reticle marks. Reflected light fromthe
waf er marks tEkeslzheIbppedi ¢erCipht Pdtomn heoymed demt the ghetiahel Rt
reenters the alignnment system 322 through the projection optical system
370 and the r&e¥ c¢¥Pa@ika. ot the wafer W.

The exposure beam from the exposure light source

10 31C thus uniformi; irradiates the pattern formed on the
reticle R through the illumination optical system 320,
so that the pattern image of the reticle R is
transferred by exposure onto the shot area of the wafer
W by the projection optical system 370. The exposure

15 beam may be an exposure beam with a wavelength of 248
nm (KrF excimer laser), 193 nm (ArF excimer laser) or
157 nm {F; laser}).

Upon completion of transfer exposure af the
reticle R pattern ontc one shot area of the wafer W,

20 the XY stage 384 is moved by stepping so that the next
shot area of the wafer W is aligned with the exposure
region of the projection optical system 370. The two-
dimensional position of the leveling stage on which the
wafer W is placed is constantly monitored at a

25 resclution of about 0.01 pm, for example, by

measurement of the distance from a mobile mirror 389
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15 Thus, the alignnment system 322 detects the relative positioning of the,
reticle Rand the wafer W by inputted reflection of the alignnent beam
fromthe reticle R and wafer W The output fromthe alighfi@ht008)stém 322
is supplied to the main control system 360. 20 Then, by supplying the
output fromthe main control system 360 to a reticle exchange system 340
and stage control system 350, it is possible to adjust the spatial
positioning of the reticle Rand wafer W As a result, it is possible to
mai nt ai n hi glarsipperqaosin i ore 22y edisi snadpetweend tde pateefardéoemed on each
shot area of the wafer Wand the pattern imge of the reticle R 18
FPO - 0005- 00 (whitchsrcsvrtiransferried dytwxiposiirehe Theset | unieaf ¢ banebdpti cal
system 320 uniformy illumnates the reticle R in a slit shape as the
obj ect of irradifatd dm the styrpag estnomobptyesadmsyst em 370 is situated
between the 5 surface PI of the reticle R and the surface P2 of the wafer
W By thus providiThe agiricjlecth ors gptsclonydtem 370, retituen aheégen opti cal
system 320 and/or reticle R conposed of optical glass nmenbers according to
the -120 i nvem3itorso ithdts PJossidileet oo Dbtlad ntwast Eppepattewn honl bmeexposur e
| ight variation and high resolution. A process for producing a
phot ol i t hogr aptyi clapFariat wsl jaroot di nigh tohe hep t hweht dxhs wiX | ohothbe
expl ai ned. As nentioned above, the process for is producing a
phot ol i t hogr aptny eapipaimatarst aocbralisigen o thee powehidminaed hl Yheonpri ses an
i ngot synthesizing step, an ingot cutting step, a |oss factor neasuring
step and reticle R is accomplished using a plurality of reticle

alignment marks {reticle marks) provided near the outer
L0 periphery of the £eticle R. Two types of reticle marks
are provided: reticle marks for positioning in the X
direction and reticle marks for positioning in the Y
direction. The alignment system 322 uses an exposure
beam extracted by splitting part of the exposure beam
15 from the exposure light source 310 as a reference beam
(alignment beam). The alignment system 322 provides
one beam at the position of each reticle alignment mark.
The reference beams that have passed through the
illuminaticn optical system 320 are incident to the
20 reticle marks provided outside the pattern area of the
reticle R. The reticle marks consist of, for example,
triangular transparent windows formed on non-
transparent sections surrounding the pattern. When an
alignment beam is reflected at the reticle mark sectiocn
25 it reenters the alignment system 322. The portion of

the alignment beam that has passed through the reticle
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an optical systemconstructing step. First, the ingot synthesizing step ...
w il be 20 explained. In the ingot synthesizing step ther?pbi-oﬁkﬁ@,t—%%g zed "
a synthetic silica glass ingot with a hydrogen nol ecul e concentration of I
X 1016 nolecules/cnB to 2 x 1018 nolecules/cm 3. Fig. 2 shows a an

enbodi ment of a production apparatus for a synthetic 2S silica glass ingot
fromwhich a synthetic silica glass nenber of the invention is prepared.
As shown in Fig. 19 FPOL-Q005-0 . this_.synthetic silica glass.production
appar at us 50 #pﬂ@é?saq%ﬁ%é&e%, P QG Tt PP GRS Eaat ééf%&emtﬁ %op of

t he furnace 60, and a target 80 provided gelo the burner 7

furnace space 3% £&r M HFREI W€ e %t*s&'rr? &e agd.gmi“ﬁé‘ f BfR&Se

constructed with a refractor body 63 inside a furnace frane provi ded
on a hearth @aétké}Gf,oré‘ﬁ&iot%@%ﬁfr?&C%@q% B &G &é‘dtg’ﬁr B@%ﬁrt e top of
the furnace frame 62 and refractory ho 63. The 10 burner .70 has_ a

mul titube strdcuréimd 5}?‘3551 1 r&p% RE@ILEEEr SUEFQUPCL e FEN ng end
70a is directed downward into the furnace space 64. The t,%%a%gt 80 is
conposed of a SN &5y TOFt AGH. (Y5 R SHT SLYc & tgPEssScrp s stacked one

upon the other, with the uppernost 15 surface set on the top .side aof a
hori zontal di Q@%Ztloﬁlrso\ﬂ%éﬁleoﬁ” Ster thi%al PR e n P HSupSsres ¢ 81,

facing the expelling end 70a of the purner 70. In the furnace franme 62
there is for né’t?%?nqios‘gtﬁ"fegé”ao{ﬁq et %“5’ Q\MP@_rSeW éﬁ@%&sf“aﬁ? Sitéh % Ha
311:,3_22 : : generparto%%dergi :Z%atg]eer fIrlLJa{‘rr](ascefo(Sro p%%rftq nsi){lrt];t Q%S It?‘;eOfX the silica

O‘és”g}iegfhe

direction and wafer marks for positioning in the Y

10 direction, correéﬁonding to the reticle marks.
Reflected light from the wafer marks takes the opposite
path from the incident 1ight, and it reenters the
alignment system 322 through the projection optical
system 370 and the reticle marks.

15 Thus, the alignment system 322 detects the
relative positioning of the reticle R and the wafer W
by inputted reflection of the alignment beam from the
reticle R and wafer W. The output from the alignment
system 322 is supplied to the main control system 360.

20 Then, by supplying the output from the main control
system 360 to a reticle exchange system 340 and stage
control system 350, it is possible to adjust the
spatial positioning of the reticle R and wafer W. As a
result, it is pecssible to maintain high superposition

.25 precision between the pattern formed on each shot area

of the wafer W and the pattern image of the reticle R
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di scharged out of the furnace 60, and a discharge conduit 66 in A
communi cation with the outside air is connected to the discharge outl et
. 65. Awindow 67 is provided in the outer wall of the furfate 6898041 | ow
25 observation of the furnace space 64. Fig. 3 shows the burner 70 from an
angl e facing 20 FPOL-0005-00 the expelling end 70a, and a raw materi al
expelling tube 71, oxygen/hydrogen expelling tubes 72,73 an oxygen
expel ling tube 74 and a hydrogen expelling tube 75 are provided in that
order from t hdicdntier .t IR faw Sl naf ep¥ReSexdel | Thy tbib& M2t 50posi ti oned
at the center of the burner 70, and a silicon conpound such as_ silicon
tetrachl ori doRtSicGI4)s v atheS davidiaf @F T BY bhthBinakbes i ehe gast{RéenBI |y
oxygen gas) for dilution are discharged fromthe inner space 7la. The two
10" oxygen/ hydirogers ledpaitiansy aubdse 7o ractaref ak yaa@at iednceReical | y
surrounding the raw material expelling _tube 71, and conbustion gases
i ncl udi ng oxygen efdsi candp thiydk ogeirs fgels afe b sthaigerd fhorrede EBSpective
i nner spaces 72a,73a. The plurality of oxygen expelling 15 tubes 74 are
posi tiSoned owgifdeePl I ygerghdrogennéxped | swefaedeP730T akieoxygen i s
di scharged fromtheir respective inner spaces 74a. A hydrogen di scharge
tube 75 is pesiet dhed concentrically with the raw material expelling tube
71 and t he oxygen/ hydrogen expelling 20 tubes 72,73 in a manner surroundi ng
the oxygen expel Bvhgtushexr ofd Al fyRIFOLRAE s FREHTRENBY Fe/Mf# ok its
i nner space 75a. The oxygen gas and hydrogen gas, are discharged through
separ at e expélilivwgnaies iaptifal system 320 and/or reticle R

composed of optical glass members according to the
10 invention, it is bossible to obtain a stepper 1 with
low exposure light wvariation and high resolution.

A process for producing a photclitheography
apparatus accecrding to the invention will now be
explained. As menticned above, the process for

15 producing a phetolithography apparatus according to the
invention mainly comprises an ingot synthesizing step,
an ingot cutting step, a loss factor measuring step and
an optical system constructing step. -

First, the ingot synthesizing step will be

20 explained. In the ingot synthesizing step there is
synthesized a synthetic silica glass ingot with a
hydrogen molecule concentration of 1 x 10%¢
molecules/cm® to 2 x 10'® molecules/cm®. Fig. 2 shows a
an embodiment of a production apparatus for a synthetic

25 silica glass ingot from which a synthetic silica glass

member of the invention is prepared. As shown in Fig.
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manner so that the gases react uniformy during the 25 silica glass - .. ...
synthesis. The silica glass synthesis is acconplished by f}’ -ng@:oo
-expellinging the raw material, oxygen and hydrogen from bUther” 70
toward the'top surface of the target 80 while burning them This causes
the silicon tetrachloride to react wwth the oxygen and hydrogen S
(hydrolysis), and the synthesized silica glass powder accumulates on the
target 80 and, vitrifies to forma..s ntgetic silica glass ingot | For an
overal | uni 1or nfEbRpBERERBRLGH St hiCpr BUETEPTIT- 14 THRST SEpboT? rod 81
is driven to rotate the t%rget 80 gt ailo reié i bed sgegd in_the axial

di rection whi FE"RFbF&Ei Agt UaR2aSpPEschi BRENET nt i Pt €Y EFdi At t HRe horPzont al
direction. Alsq, the entire %arget 80 is gulled dOMM$ard at a Prescribed
speed during PFobitgt fBRIRRCoPHer 278 BohSF ARt | §° T IV HIFA LE+ XEdE 8 st ance
between 15 the top end of the ingot | G and %he expelling_ﬁnd 70a of the
burner 70. A BYRPREt{E S$PIFe8 GPREECENGBECESChriekred +RStRAF sthFanner, and
si nce hydrogen nol ecules are introduced during the synthesis and are

rel eas€d duri AYTREEE 2B-treatment, the hydrogen nol ecul e concentration of

the produced synthetic¢c silica _glass can_be controlled b the synthesis
conditions (for exafpl ?rPﬁEepngbﬁtFBHStB?CB§§d%ht%a% E%EIﬁﬁﬁ?Béen gas

supplied fromthe rner. 70 nd the heat treatnment cqnditions (for
ool o b B RBtCb sl dRob EBARGEE AEohe HEE DT E BAEFanT st opsat thne

various Condiéiggg %E? gggrgﬁgrgugggkfHsdigopggégded through the top

of the furnace frame 62 and refractory body 63. The

10 burner 70 has a maltitube structure which will be
explained later, and its expelling end 70a is directed
downward into the furnace space 64. The target 80 is
composed of a plurality of non-transparent silica glass
plates stacked one upon the other, with the uppermost

15 surface set on the top side of a horizontal disk 82
provided on a vertically extending support rod 81,
facing the expelling end 70a of the burner 70. 1In the
furnace frame 62 there is formed an discharge outlet 65
whereby exhaust gas such as HCl which is generated in

20 the furnace 60 during synthesis of the silica glass is
discharged out 0of the furnace 60, and a discharge
conduit 66 in communication with the outside air is
connected to the discharge outlet 65. A window 67 is
provided in the outer wall of the furnace 60 to allow-

25 observation of the furnace space 64.

Fig. 3 shows the burner 70 from an angle facing

20



22 FFO1--0005-00 the ingot has a hydrogen nol ecul e concentration of L x - -
101n nol ecules/cnB to 2 x 1016 nol ecul es/cnB. The hydrogen nol ecul e o
_concentration of the resulting synthetic silica glass i ngBf1c4A0BeC0
-confirmed by Raman 5 spectroscopy or the like. Once the synthetic silica
glass ingot wwth the prescribed hydrogen nol ecul e concentration has been
obtained in this manner, the synthetic silica glass ingot is subjected to
heat treatnment before being LO conveyed to the ingot cutting step described
later. As arthexanpel binguehchéde, t 2edt Arehewt heteriay bépegéﬁﬂgoned a step
of holding the produced ingot at a fixed tenperature for a prescribed
period of tirazndltherydonehv@dgosee exhpétandr eubesa’prédcrnbed 15
tenperature-lowering rate and allowing it to cool. The ingot cutting step
wi || now be expygemeskpahbingngarecittphg st kpdrecansexpelhinfi Enbeaft er
the aforenentioned heat treatnent, the synthetic silica glass ingot is
cut to obtai % syntireevided | {eatlgihissrder nénber thet Aenherpr eSbei bed shape
and size. First, a lunp of a size corresponding to the size of the
synt héii ¢ si Imadze il ks sexmpabbing ot blee f Abr i gapeditsoead abuthereantke i ngot
and subjected to grinding. It is then finely polished wth Si02 or the
like for 25 fahitdts fyrimgo B0syarteti eibicpracgrasendgenel aFth t he

prescri bed di mensions. 23 FPOL- 0005-00 Once the synthetic sjlica.glass
menber with tdHeicon tetrachloride (SiCly) as the raw material and a

carrier gas (normally oxygen gas) for dilution are
discharged from the inner space 7la. The twoc

10 oxygen/hydrogen egpelling tubes 72,73 are arranged
concentrically surrounding the raw material expelling
tube 71, and combustion gases including oxygen gas and
hydrogen gas are discharged from the respective inner
spaces 72a,73a. The plurality cf cxygen expelling

15 tubes 74 are peositioned cutside of the oxygen/hydrogen

| expelling tube 73, and oxydgen is discharged from their
respective inner spaces 74a. A hydrogen discharge tube
75 is positioned concentrically with the raw material
expelling tube 71 and the oxygen/hydrogen expelling

20 tubes 72,73 in a manner surrounding the oxygen
expelling tubes 74, and hydrogen gas is discharged from
its inner space 75a. The oxygen gas and hydrogen gas
are discharged through separate expelling tubes in this
manner so that the gases react uniformly during the

25 silica glass synthesis.

The silica glass synthesis 1is accomplished by
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prescri bed di mensi ons and the prescribed conposition (hydrogen nol ecule
concentration of 1 x 106 nolecules/cnB to 2 x 101& nol ecul es/cnB) is
_obtained in 5 this manner, it is conveyed to the |oss faEFBE-CRE&sH®G ng
step. In the |loss factor neasuring step, the lost factor is first neasured
before ultraviolet irradiation. The portion with a |loss factor of no
greater than 0.0020 10 cm 1 before ultraviolet irradiation is extracted
from the synthetic silica glass nmenber with the aforenentioned hydrogen
mol ecul e concsmelhtimninAntexanpV elatcalaet hodvoknnmeaduhivagorra foos
factor of a synthetic silica glass nenber before 15 ultraviolet irradiation
will now be expt diwmmwer THY stowxpllablhei bapwshkigogacefnthecaseget @fasuring
the transmttance of an eval uation sanple M (thickness Lo) conposed of an
opti cal nenberhilr hubrminwg otee¢museThiascagsascobhaeseilacby avail abl e
spectrophotoneter. 20 The transm ttance measuring nethod used here, as
shown in Fig.tehragnprises theréatt ovii hy phecedliger andfhydrogesp of
cl eaning the evaluation sanple M (including a drying step) (Si), a second
step of neasUryarplyel 3 ransmdtthaceyitbhEhzadpeésérpbadasbneor8eperi od and
determining the transmttance T (S2), a third step of calibrating the
obt ai ned trarstfutEiRke ST @4 HPD1tADOSt 080t aneheltrahsart tanéermeafor the
evaluation tinme tc (S3) and a fourth step of correcting the transmittance
Tc for the eaMithation 3iheca Ut HesSt +0GCEr ARsni FPENeR Foergdd). This

procedure requires determning in advance .
: uniform composition of the produced ingot IG, the

suppert rod 81 is driven to rotate the target 80 at a

10 prescribed speed-in the axial direction while vibrating
at a prescribed time interval in the horizontal
directicn. Also, the entire target 80 is pulled
downward at a prescribed speecd during production in
order to constantly maintain a fixed distance between

15 the top end of the 1ngot IG and the expelling end 70a
of the burner 70.

A synthetic silica glass ingot is produced in this
manner, and since hycdrogen molecules are introduced
during the synthesis and are released during heat

20 treatment, the hydrogen molecule concentration of the
produced synthetic silica glass can be controlled by
the synthesis conditions (for example, the proporticon
cf oxygen gas and hydrogen gas supplied from the burner
70) and the heat treatment conditions (for example,

25 conducting or not conducting a heat treatment step).

The wvarious conditions are therefore modified so that
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5 the transmttance reduction rate [a] and critical elapsed tine [tpf -+ o,
corresponding to the material and thickness (= Lo) of the eval uation S
.sanple M as well as the correction value KL for the speEPPdpR&OSMCer .
First, the spectrophotoneter used for the .LO transm ttance neasurenent
wi |l be explained. Fig. 5 shows an exanple of a construction of a
comercially available spectrophotoneter. For neasurenent of the
transmttance of an object Ill using the spectrophotoneter 110, the object
111 i s pl acedtibetimepmt 1&s aanhydoegerbmnandcalri coocen2@asndni ofadi at ed with
a beam (ultraviolet light) froma light source 112. The beamfromthe
li ght source 13 mnierslesicnyoro121% iAtooghecslas/dml. The beam
reflected at-the mrror 121 passes through a slit 142 and enters a
di ffraction 20ydredémgndBdcehe ooghcanhiatopnl2?. thke rgsiudding di ffraction
beam 123 is reflected by a mrror 123 and enters a mrror 124 through a
slit 143. Thebeamtiefsekied dyashelntproran2het henfémredsby Riameor 125 or
~a mrror 127 through a chopper mrror 113. The beam 25 (neasuring beam
refl ected by spectiesorpi25r ebltersikde object 111. The beam (transmitted
beam) that has 25 FP01-0005-00 passed through the object 111 enters a
detector 114 by wcofthenfynohretps. shkaaanhtlesst hagbsamithetéeence bean)
reflected by the mrror 127 enters the detector by way of mrrors 128, 129.
The transmi t tiek Seaibemd Flyeder chebepedfn Feaepnédabyorhbagebeenor 114 are
separated by a processor 115 and the transmtted beam intensity | and
ref erence beahianesditly folgrpanner, the synthetic silica glass

ingot is subjected to heat treatment befcre being

10 conveyed to the iﬁgot cutting step described later. As
an example of such heat treatment there may be
menticned a step of holding the produced ingot at a
fixed temperature for a prescribed period of time and
then lowering the temperature at a prescribed

1% temperature-lowering rate and allowing it to cool.

The ingot cutting step will now be explained. The
ingot cutting step is a step in which, after the
afocrementioned heat treatment, the synthetic silica
glass ingot 1s cut to obtain a synthetic silica glass

20 member with the prescribed shape and size. First, a
lump of a size corresponding to the size of the
synthetic silica glass member to be fabricated is cut
out from the ingot and subjected to grinding. It is
then finely polished with Si0: or_the like for

25 finishing into a synthetic silica glass member with the

prescribed dimensicns.
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determned. The ratio I/lo is used to calculate the transmttance ¢f the;
object 111. Al the nenbers of -LO the apparatus except for the processor
115 are covered by a seal ed chamber 116 which is nitrogef Epdrded ol ng
the transmttance neasurenment. The procedure for determ ning the parameters
of the transmttance reduction rate [a] and critical 15 elapsed tine [tn]
corresponding to the material and thickness (= Lo) of the eval uation
sanmple Mwi |l now be explained. First, a calibration sanple is prepared of
the same material @&cehehevavubPebacsampheR AdSH FRMDOERe Ws&ke W ckness (=
Lo). It is then cleaned éand 20 dried), after which the procedure of
neasuri ng t hePresQhkhped t aHeRN85PRg #Rd SpBcPrEpR&LBREL EPTPPS 1itd Oy epeat ed a
plurality of times while changing the elapsed tine for the transmttance
measur enent (t{hyRreyepseelafeet cohRprBErBhien efean®ndf. The results are

25 then plotted on a coordinate grﬂgg with elapsed.time on the horizontal
axis and trarfeetaed’ @h the Vet tical MoberPdEsdons) 0bs axpsalngdpiapare a
first plot graph. The first plot graph gbtained in this manner represents
t he cHgnge i nchkamdEReancet wi E hCPTHBYEBr tOt RBECAPFEBr 48F6R sanpl e, and the
pl ot sequence can be 5 fitted to a line fromconpletion of cleaning to a
given time @PIHoWrdif-®Pg. 6, for exanple). The line declines gradually
as the elapsed tine increases (i.e. it has ,a negative_slope). The slope is

i.e
calculated as thelR riERmt e¥ant3CFRAURERBHE +RFeSESP (M'Ri APS WA Athe 10

critical elapsed tine that can be fitted to the line is
%s first measured before u?travgo?et irradiation. The

porticn with a loss factor of no greater than 0.0020

10 cm™t before ultra&iolet irradiation is extracted from
the synthetic silica glass member with the
aforementioned hydrogen molecule concentration.

An example of a method of measuring the loss

factor of a synthetic silica glass member before

15 ultraviclet irradiation will now be explained. This
explanation will concern a case of measuring the
transmittance of an evaluation sample M (thickness Lo)
composed of an optical member for ultraviolet use,
using a commercially available spectrcphotometer.

20 The transmittance measuring method used here, as
shown in Fig. 4, comprises the following procedure: a
first step of cleaning the evaluation sample M
{including a drying step) (51), a second step of
measuring the transmittance within a prescribed time

25 period and determining the transmittance T (S2), a

third step of calibrating the obtained transmittance T
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read as the critical elapsed tine [tn] (mnutes). The transmttance :
reduction rate [a] and critical elapsed tinme [tn] for the_eval uatian
.sanple Mare determned in this manner. 15 Thus, the val 688 8Pterdl
transmttance reduction rate [a] and critical elapsed tine [tnm obtained
for the calibration sanple can be treated as those for the evaluation
sanpl e because the paraneters far the transmttance reduction rate [a] and
critical elapsed 20 tinme [t are the _sane if the sanple material and
t hi ckness ar et@qih s af &ah St tohRgReht| YOTi FhEn8VALHaRdRTt FaRCe tiCs ($edsur ed
for the evaluation sanple M within a prescribed tinme period during which a
constant rat@dfe reMEER ohtER ?Faﬁ%ﬁ?gFEhEB Feenhratamiegaase Tc
(corresponding to the period fromconpletion of cleaning to el apse of the
critical elapg%ﬁ %@%m?Y@%T§t%qnFP%ﬂ@gg@Stbé Fﬁu8r8§@nﬁﬁlgéﬁéFﬁiH€ t he
transmttance T for the elapsed tinet (<tm, then this transmttance T
can be calibr3tled HQh%%hQ%???ﬂﬁr?tr?ﬂu%ﬁést?§F§ﬁmﬁpéﬁ8el?caﬂ8ﬁncﬁn
arbitrarily selected evaluation tine to (< tm .5 mﬁtgin t he af orenenti oned
prescr? bed tith® perdotl ulsthge FRIUFbFPBW AGST 6RMUPRT( EFLTF62L T + (t-tc) x
[a) (1) In fornu';éélij thﬁ tfansnittanc . To is tge transm ttance expected
i f measured fOreRIRA rlef BT eht® TOF IFAROEO-"ThECpFBBeUAFET LB &BFer mi ni ng

t he correctioq}y lue KL for th ﬁgectro hot onet er mﬁll now be ?xplained.
Cal cul ati on Of"¥TE'CHT r 6ction Vhl LR KEVREyaFteE §ampie M, as well as

the correction value Ky for the spectrophotometer.
First, the spectrophotometer used for the

10 transmittance meaéurement will be explained. Fig. 5
shows an example of a constructicon of a ccmmercially
available spectrophotometer. For measurement of the
transmittance cf an object 111 using the
spectrophotometer 110, the object 111 is placed between

15 a mirror 125 and a mirror 126 and irradiated with a
beam (ultraviclet light) from a light source 112. The
beam from the light source 112 enters a mirror 121
through a slit 141. The beam reflected at.the mirror
121 passes through a slit 142 and enters a diffraction

20 grating 131 thrcugh a mirror 122. The primary
diffraction beam 123 is reflected by a mirror 123 and
enters a mirror 124 through a slit 143. The beamn
reflected by the mirror 124 then enters a mirror 125 or
a mirror 127 through a chopper mirror 113. The beam

25 (measuring beam) reflected by the mirror 125 enters the

object 111. The beam (transmitted beam) that has
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correcting transmttance neasuring apparatus such as 15 described below
Fig. 7 shows an exanple of the construction of a correct%gg th ngiétance
. measuring apparatus. In this correcting transmttance ne 31 g pB rat us
150, light (ultraviolet light) irradiated froma |light source 152 20 is
condensed by a first condensing lens 161 and then enters a diffraction
grating 153 through a spectroscope entrance slit 171. The beamwhich is
reflected and diffracted at the diffraction grating 153 is irradiated
toward a secdEPShdeHU! | e ABPEEhr bUyheATe5S speteFBSEBPeleRi PYslit
172, where it is again condensed and its brightness adjusted by a

di aphr agm 173'a¥riid 28 THPERI0005R 00 MRaMT phsi nghenPeegh (f ReSHRRBRr agm 173
is shaped to a prescribed shape by a pinhole 174 and then converted to a
paral | el beam&dTth LRI ity FrhsVAB3CANE27 | PR ERT AL S OAEERETPTT st

hal f-mrror 181. 5 The light reflected at the first,hglf-nirror 181 is

i rradi ated omtYo WY b TS thhdubh® an Opei ERENSEhbppErLed® £88 t he
measuri ng beam_The transmtted ,bqg t hat has passed ihrough t he obj ect
151 i irradishBEHR LRSI ER b t HrBugRCE3CHPFror 2183 a A second
hal f-mrror 184 and a,  condensi ng | ens %164. %/e?whi | e, the rgf erence beam
that has pasSEPARGFY thPFITSISHal 17 PPdr 481 F_1FPF hEFE: BE3Bnt o t he
second half-mrror 184 thzgg%gfa first. mrror_182, and_an__optical chopper
155 for the réf ble dit FHT9S PeTBr ENLe beh r&ffEtted at the

second half_@é%é%ﬁfﬁ%%.IE&ﬂgrfgIfgeg/?gtgstggege%gcég c&?gtghEgggh the

transmittance cf the object 111. All the members of

10 the apparatus excépt for the processor 115 are covered
by a sealed chamber 116 which is nitrogen purged during
the transmittance measurement.

The procedure for determining the parameters of

the transmittance reduction rate [a] and critical

15 elapsed time [tm] corresponding to the material and
thickness (= Lo) of the evaluation sampie M will now be
explained. First, a calibration sample is prepared of
the same material as the evaluation sample M and with
the same thickness (= Lo). It is then cleaned (and

20 dried), after which the procedure of measuring the
transmittance using the spectrophotometer 110 is
repeated a plurality of times while changing the
elapsed time for the transmittance measurement (time
elapsed after completion of cleaning}. The results are

25 then plotted cn a coordinate graph with elapsed time on

the horizontal axis and transmittance on the vertical
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condensing |lens 164. The transmtted beam and the reference beam received:
at the detector 156 are separated by a processor 157 anc}:}to}l(a_otd'oasln_ mMtted
-beam 20 intensity | and reference beamintensity lo are etermned. The
ratio I/l1o of the reference beam intensity lo and the transmtted beam
intensity | is wused to calculate the transmttance. Al the nmenbers of

t he apparatus except for the detector 156 and the 25 processor 157 are

seal ed in a vacuum chanber 158 apd__the qitjno;_ippg}ere surroundi ng the
measuri ng beahit3’ 2¢° FEOARP0D5 bt B3 Rt ¥d $¢Htoduce a nearly vacuum

pressure. By varyi the slit. wdth of the spectroscope entrance slit 171
and spectroscope extt Stiit P and 2k eo}%oq]@[)edfaﬁr%t%?{)%fmatrﬁéerpi nhol e 174
and noving the 5 second condensing | ens 162, . the diaphragm 173, the

pi nhol e 174 ah@PTFRERLY | it Oratenst 165" A Phig- tHEE dptTea e iOT it s
possi ble to adjust the angle of i vergence of. the neasuring beam at the
position at Rfﬁ?c‘ﬁalr%b%@s%% tHBEGh ?‘ﬁ‘g @tﬁ ShOH IR /G R - Lo

di vergence is usted to undeflélo ml1ljradi ans This is to reduce

dj 0. 57'
PRI SRR SR B g 3, A R e ISR L (A, 2

151, thereby reventi measurjng errors caused by uneven . sensitivity on
the recepti ontSA?f &2 %go‘t’%e”ﬂieffje‘gt oé' 1 ﬁS%"?éW%d]ee%t rmngbﬁ"u ¥'Surroundi ng
Lhe Ot caL PRI Bl LN feapyy 09 Deari i 2d) Yeled Lo an, appr o at e
it has a negative slope). The slope is calculated as
the transmittance:reduction rate [a] (%/min}, while the
10 critical elapsed gime that can be fitted to the line is
read as the critical elapsed time [tm] (minutes). The
transmittance reduction rate [a] and critical elapsed
time [tm] for the evaluation sample M are determined in
this manner.
15 Thus, the values for the transmittance reduction
| rate [a] and critical elapsed time [tm] obtained for
the calibration sample can be treated as those for the
evaluation sample because the parameters far the
transmittance reduction rate [a] and critical elapsed
20‘ time [tm] are the same if the sample material and
thickness are equivalent. Consequently, if the
transmittance is measured for the evaluation sample M
within a prescribed time period during which a constant
rate of reducticn in transmittance is maintained
25 (corresponding to the period from completion of

cleaning to elapse of the critical elapsed time [tm])
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Pa) , or a pressure of no greater than 2 x 10-3 Torr 20 (0.27 Pa) as the !
oxygen partial pressure. This is to reduce the effect of absorption by
_oxygen ol ecules within the differential between the opt fEAL PP 1%hgt h
of the transmtted beam and the optical path |length of the reference beam
due to the thickness of the object 25 151. In order to determne the
correction value KL of 30 FPO1l-0005-00 the spectrophotoneter 110 using a
correcting transmittance measuring apparatus 150 having the construction
descri bed aboie,offestta geteaning ohe toprewiiiéAnSEnpPl éoratdef abri cat ed of
the sane material 5 as the calibration sanple M (i.e. the sane material as
t he eval uati onlapapdiet Miebit (Wi th) di therehtishicekpessésancend sfan e
correction sanples is given the sane thickness as the calibration sanple M
(i.e. the sanealibprekeésbylLocagerhéngvakuari shesimphemyftease tlverfefrore 10
the calibration sanple itself nmay be used). After cleaning each correction
sanpl e, the tamnsnbitaacelyisebeceadhevslmessanetinsi 8§ d<c&mecting
transmttance neasuring apparatus 150 before the critical elapsed tine
[tm] has el apsethin.ehe afehemerhécprdserebedibeAetiBeppeiredyl, Hsdng
transm ttance neasurenent is carried out for each correction sanple, with
cl eani ng bei nghe f 601 bvietndyferansai tlance measurenment, and the tine
el apsed during the transmttance nmeasurenent (tinme elapsed from conpletion
of cleaning) is thecsan® foft2bcal k. [¥his procediré is used because it is

usual ly not possible to conplete neasurenent of transm ttance for
In formula (1), the transmittance Tc is the

transmittance expected if measured for the reference
10 time tc.
The procedure for determining the correction wvalue

K; for the spectrophotometer will now be explained.

Calculation of the correction value Ky reguires a
correcting transmittance measuring apparatus such as
15 described below.

Fig. 7 shows an example of the construction of a
correcting transmittance measuring apparatus. In this
correcting transmittance measuring apparatus 150, light
{(ultraviolet light) irradiated from a light source 152

20 is condensed by a first cendensing lens 161 and then
enters a diffraction grating 153 through a spectroscope
entrance slit 171. The beam which is reflected and
diffracted at the diffraction grating 153 is irradiated
toward a second condensing lens 162 through a

25 spectroscope exit slit 172, where it is again condensed

and its brightness adjusted by a diaphragm 173. The
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all of the correction sanples before the critical elapsed tine [tn] has’

el apsed (and therefore calibration using formula (1) is not possiblﬁi. The
.25 loss Y of each correction sanple is deternined from ed&Rt fit'tance
Tl obtained in this manner, using 31 FPO1-0005-00 the follow ng fornula
(2). Y =-LN(T-2/Tth) (2) In formula (2), Tth is the theoretical
transmttance unique to the material of the correction 5 sanple. Once the
rel ati onship between the sanple thickness L and the | oss Y has been

obt ai ned usi ngeaRoPABEANE2FNIPREDY 861 O3 28h& apTotlt’ed ion sha@sst dicnat e graph
wi th sanple thickness L on the horizontal axis and |loss Y on the vertical
axis, to prepaFesariseednahaprg Broe GEEFRICTRE dplrdc JoGlerOEVEeH kit ed by
the second plot graph can be fitted to_a line éas shown in Fig. 8, for
exanpl e). Thez|PaBaipeliheangradhiall ¢oad inghe rsd@pise 16 @ksess L i ncreases
(i.e. it has a positive slope). The s|lope of the line is calculated is as
the internal 1®53dtakedientht a~I¢rel Nef frRérredr Aédt-i on sanple. The
transm ttance To of each correction sanple is expressed by the foll ow ng
formula (3), usingl®hell¢hfeFRaler68S @befbrcifdntt~haldmniznert Hélsanpl e 20
thickness L (cm  obtained by the procedure _described above. To = Tth x
exp(-~ x L) (B 1¥rpdiakedneutenad PREcif fetehbEoedmanerti¢@l val ue due

to measuring error, i.e. insufficient ) ,
chopper 154 for the measuring beam. The transmitted

beam that has passed through the obkject 151 is
irradiated conto a detector 156 through a mirror 183, a
10 second half—mirrdf 184 and a condensing lens 164.
Meanwhile, the reference beam that has passed through
the first half-mirror 181 is irradiated onto the second
half-mirrcr 184 through a first mirror 182 and an
optical chepper 155 for the reference beam, and the
15 reference beam reflected at the second half-mirror 184
is irradiated onto the detector 156 through the
condensing lens 164. The transmitted beam and the
reference beam received at the detector 156 are
separated by a processor 157 and the transmitted beam
20 intensity I and reference beam intensity Io are
determined. The ratio I/Ic of the reference beam
intensity Ic and the transmitted beam intensity I is
used to calculate the ftransmittance. All the members
of the apparatus except for the detector 156 and the
25 processor 157 are sealed in a wvacuum chamber 158 and

the atmosphere surrcunding the measuring beam is
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25 neasuring precision of the spectrophotoneter 110, can be removed i f the
transmttance Tc at reference tine to 32 FPO -0005-00 obtained fromformula
(1) is multiplied by the correction value KL, giving theFF8Er&Witeg Yor mul a
(4) To = KL x Tc (4) The following fornula (5) is then obtained by 5
conmbining formula (3) and formula (4). K = (Tth/Tc) x exp(-5 x L) (5)

Here, KL is calculated by determning the 'value of the transmttance Tc
corresponding to the reference time tc_based on the line used earlier for
fitting in -L&d1netedrse prefugkaphneandyplaggiiigPiresekécal r eady

determ ned internal |oss coefficient P and calibration sanple thickness (=
Lo) into formula (BY.Vapvingareal atibnvgltesofhéheospPectiresceRicue KL for

t he spectrophotoneter 110 corresponding to the material 15 and thi ckness
(= Lo) of theevednatidhisahpleaM eREetBOERCPEr Sidtesd 1Tt Rd2t Ba®sM ttance
reduction rate [a]_ and critical elapsed tine &tnj corresponding to the
materi al and &g kg sdianebsr op Lt heeeRanhatroh’4sanpl BOMLngndhenhe
correction value KL for the 20 spectrophotoneter have been obtained in the
mannerS descridendbeviedensing Hoasi bPést EPBaréaPRrasthé /3¢ r &Réni tt ance
(true transmttance TQ) for the evaluation sanple Maccording to the first
to fourth stebshalowh’4 idgtha cohlsmatPF ABRShé beéxprarfedne2s I n order

to determine the transmttance (true  transmttance) To of the eval uation
sample M firdptigrl 3@gxis, 1t 1s possible to adjust’ the angle of

divergence of the measuring beam at the position at
which it passes through the object 151. The angle of

L0 divergence is adiﬁsted to under 10 milliradians (0.57°%).
This is to reduce variation in the measuring optical
path due to refracticn by the object 131, thereby
preventing measuring errors caused by uneven
sensitivity on the reception surface of the detector

15 156,

The atmcsphere surrounding the optical path of the

measuring beam is adjusted to an approximate vacuum,
i.e., a pressure of no greater than 1 x 107 Torr (1.33
Pa), or a pressure of no greater than 2 x 1077 Torr

20 {(0.27 Pa) as the cxygen partial pressure. This is to
reduce the effect of absorption by oxygen molecules
within the differential between the optical path length
of the transmitted beam and the optical path length of
the reference beam due to the thickness of the obkject

25 151.

In order to determine the correction value K. of
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" FPOI - 0005- 00 eval uation sanple Mis cleaned (including a drying step)’
(first step), as shown in Fig. 4. Wen cleaning is conpleted, the
-evaluation sanple Mis placed in the spectrophotoneter 116%37d Y 00
transmttance is neasured 5 within the prescribed tine established fromthe
critical elapsed tinme [tm which is already known from the previous
process, to determne the transmttance T (second step). The cl eaned
eval uation sanple Mis placed and held in a dessicator, and renoved from
the -LO desstetit epeahryPINREATREEEUFL AgUERBIt FaRSATEEARES. (The sane
applies when a plurality of evaluation sanples are used.) once the
transm ttancetTahH8l BedRCl R A REBY 2PRBY¢aPGe LPEr heNa gl &p€ed tine [t] at
the time of neasurenent of the transmittance T and the value for is the
transnit t anceSPRULELF bhCT afleSTa}PafeaBPrliggediratoa Péiala 1Pt to obtain
the transmttance Tc for the reference time tc (third step). Once the
standard trafRFFeEaheR TeTRASShReR AePEiARAEH, CEhENEOFRBEL FeR ST allue KL
which is known fromthe previous process is 20 used for correction by
formula (4), 1 obtafaitPecticr SeFBASH!t fanBe TBe(FETFL R2sEEFRL By
obtaining the true transmttance To in this manner, it is _possible to
cal cul ate thetiht®¥HaretbeR SeBRtEi Yl eRbtovibh EhEIBVERGathoR KE8FSIES -M by
t he 25 follomﬁqg fgrqgéa ég% obt ai ned bi nndifylng formula (3). 0 =
- LN( To/ Tt h) / LO%%)° 84" Ep0oio boBS 68" ThE™PoSS cBeftEPeht'Cof38&ch of the
synthetic  siljica glass repbers pefore ahtiaviotel, (fradigtion ts

thickness Lo as the evaluation sample M} (and therefore
10 the calibration sémple itself may be used). After

cleaning each correction sample, the transmittance T1

of each is measured using a correcting transmittance

measuring apparatus 150 befcore the critical elapsed

time [tm] has elapsed (i.e., within the prescribed time
15 period). The transmittance measurement is carried out

for each correction sample, with cleaning being

followed by transmittance measurement, and the time

elapsed during the transmittance measurement (time

elapsed from completion of cleaning) is the same for
20 all. This procedure is used because it is usually not

possikle to complete measurement of transmittance for

all of the correction samples before the critical

elapsed time [tm] has elapsed (and therefore

calibration using formula (1) is not possible). The

25 loss Y of each correction sample is determined from

each transmittance Tl obtained in this manner, using
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measured by this procedure, and those with a value of no greater than
0.0020 cm 1 are selected. 5 The synthetic silica glass obtaine&gi this
. manner having a hydrogen nol ecul e concentration of 1 X 101! - Pgéapes/cnﬁ
to 2 x 1018 nol ecules/cnB and a | oss factor of no greater than 0.0020 cm1
before wultraviolet irradiation will usually have a |loss factor 0 of no
greater than 0.0050 cm1 at 193.4 nmas neasured after-irradiation with an
ArF exciner laser with 1 x 104 pulse irradiation at an energy density from
0.1 }1J/cn the FAFPWNTMP e {Dss factor at 193.4 nmto be measured
after 15 irradiation is then nmeasured during irradiation using a
transmttance measuri ngagparEits. Fir&) from anong the synthetic silica
gl ass nmenbers having a hydrogen nolecule concentration of | x 1016
nol ecul es/ cnB to I forgis aoldoul B chB Bl B¢e58 %2t or of no greater
than 20 0.0020 cm 1 before ultraviolet irradiation there are forned
several groupsangitift tedde groupieorsiste Mpbtr 1yt a35 MRAberSrebt aPRed from
the sane position of the ingot and having equival ent. optical properties.
One  $ynt het iS@™$ilig -ca 1o Shfemiseha § O kP tRkere et oht®nea®BL§r oup at
random and the | oss coefficient at 193.4 rimis neasured after irradiation
with an ArF ékdickeyegsaderd™sh W L0005 R RFEA XOUBI NP S8 R¥r adi ati on at
an energy density fromO0.1 pJ/cmp to 200 ni/cmp. If the neasured | oss
coefficient GPHHE3syfhetihe HITE TS Pretbe?d S 29PATAHPEESno great er

han O. m1 hen th nt heti ili I r f th
;rgupOagOSO %raph %f%htséaéaé“%ﬁictnégg L &ﬁ- gsgopfgggtgloaxgse sane

and loss Y on the vertical axis, to prepare a second
10 plot graph. The ﬁlot seguence represented by the

second plot graph can be fitted to a line (as shown in
Fig. 8, for example). The line inclines gradually as
the sample thickness L increases (i.e. 1t has a
positive slope). The slope of the line is calculated

15 as the internal loss coefficient B (/cm) of the
correction sample.

The transmittance To of each correction sample is
expressed by the following formula {(3), using the
internal loss coefficient B (/cm) and the sample

20 thickness L (cm) obtained by the procedure described
above.

To = Tth x exp{(-8 x L} (3)

It is assumed that the difference from the true
value due to measuring error, i.e. insufficient

25 measuring precision of the spectrophotometer 110, can

be removed if the transmittance Tc at reference time tc
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this synthetic silica glass nenber that have not been irradiated with the-
ArF excinmer |laser are selected as the synthetic silica glass nenbers to be
.used in the optical systemconstruction step described bé&lF&&~ Q% -fHus,
.synthetic silica glass nmenbers satisfying the conditions of a | oss factor
of no greater than 0.0020 cm-1 before ultraviolet irradiation and a | oss
factor of no greater than 0.0050 cm1 at 193.4 nmare selected in the |oss
factor neasuring step. 15 In the optical systemconstructing step, the
synthetic silbbbaghadsinenbépsnsaei flyi A§ mhdséprldemditti ol are used to
construct at |least one from anong the synthetic silica glass nenbers for
the illum natboneopidtarasystbm FheiBynihet felsprving §havslao (denbers for
the projection optical systemand the reticle, thereby conpleting the
stepper 1. Thus, sTace Kilxodfcsone of the opticallddenbers such as |enses
of the stepper 1 are synthetic silica glass nenbers with the properties
descri bed above, tHRee26oitarisnyt fanpelef (Bheigppheat ¢dtasnedvisli e is
sufficiently high enough for practical use even when 36 FP01-0005-00 the

| i ght Source dgmhisindshernuhavébengrd éprandér (300 nm such as is typical
of an ArF excinmer |aser. Needless to nention, high transm ttance sufficient
for practical useKi's gugrditlectl exefffxthe |idht source 11 5 of the
stepper is replaced with one that irradiates |ight of a | onger wavel ength
than an ArF exci meferasef:. 1sThes preseredihyedeioRuwiiRgneebEaékpl afned in

greater detail by way of the follow ng exanpl es and
| the transmittance T¢ corresponding to the reference

time tc based on the line used earlier for fitting in

10 the first ploct gf;ph, and plugging in the already
determined internal loss coefficient B and calibration
sample thickness (= Lo) into formula (5).

This calculation gives the correction value K; for

the spectrophotcmeter 110 correspcnding tc the material

15 and thickness (= Lo) of the evaluation sample M.

| Once both parameters, the transmittance reduction
rate [a] and critical elapsed time [tm] corresponding
to the material and thickness (= Lo) of the evaluation
sample M, and the correction value K; for the

20‘ spectrophotometer have been cbtained in the manner
described above, it is possible to calculate the
transmittance (true transmittance To) for the
evaluation sample M according to the first to fourth
steps shown in Fig. 4. This will now be explained.

25 In order to determine the transmittance {true

transmittance) To of the evaluation sample M, first the
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conpar ative exanples, with the understanding that the -LO invention-<is in ¢
no way limted to these exanples. First, the aforenentioned synthetic
_silica glass production apparatus 50 was used to producefFP¥aVCqitr%¢r ent
synthetic silica glass ingots, varying the synthesis conditions such as
the raw material flow and 15 the oxygen gas/hydrogen gas flow ratio. The
shape of the ingot is usually 180(p to 620(p ((p: dianeter in mM X
600-1200 t (t: thickness in nmm), and heat treatnment is generally carried
out with the ¢vgotatinnisanpla Bl bekclepnpe wibRludanose do0Ginm
perpendi cular to the 20 direction of growh. As the heat treatnent
condi tions, t$ee®hgofsrweretenel daat shoeootnf 6 9104houlsent Bd cB&HPEr at ur e
was then |owered to bel ow SOOOC at a tenperature |owering rate of no nore
than 10' C/ hou¥s cemplelesdnetlee sebatgabhenysanripl Bwed Péacedl inAthgnp with
a shape of ~p = 60 mm thickness = 10 nm is then cut out from each ingot
and 37 FPO1- 0505 Doolubi @t eelr t bl §i aed pbheshragsnétobnaenis2meesiigsd on
sanpl es (synthetic silica glass nmenbers). After calculating the
transni tt ancevpfhBachhofPrefeseba® elmeuastahlsahpledrpaf 6R€ irradiation 5
according to the nmethod described above, the average hydrogen nol ecul e
concent r at i orrofteaeh sbmwsed waste nbaBlLrddic) REnaArspert KBSEHpy rom
Specifically, the Raman scattering intensity at 800 cm1 and 4135 cm 1 was
nmeasur ed accofith riF ¢l WS PRPeRF FchePkéeberalne yheppppnsmigtepeet fosc.

46, 632-635(1987), and the lumnous intensity was determ ned. An ArF
excimer | aser!s&eend step) . The cleaned evaliation sample M is

placed and held in a dessicator, and removed from the

.0 dessicator only Qhen measuring the transmittance. {(The
same applies when a plurality of evaluation samples are
used.) Once the transmittance T has been determined,
the value for the elapsed time [t] at the time of
measurement of the transmittance T and the wvalue for

15 the transmittance reducticn rate [a] are plugged into
formula (1), to obtain the transmittance Tc for the
reference time tc (third step). Once the standard
transmittance Tc has been determined, the correction
value K. which is known from the previous process is

20 used for correcticn by formula (4), tc cbtain the true
transmittance To {fourth step).

By obtaining the true transmittance To in this
manner, it is possible to calculate the internal loss
coefficient B for the evaluation sample M by the

25 following formula (6) obtained by modifying formuia (3).

B = -LN(To/Tth)/L (6)
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then used for 1 x 109 pulse irradiation at various energy density values ' .
between 0.1 uJ/cn2p and 200 ml/cnRp, and the transmttance at 193.4 nm

. wavel ength 15 after irradiation was determ ned. After det 5?91159985‘@%
transmttance for each sanple, fornmula (6) was used to calculate the |oss
coefficients of the sanples after ArF exciner |aser irradiation. The
theoretical transmttance used for fornula (6) was 90.8748(%, as 20 the
value for synthetic silica glass at 193.4 wavel ength. For sone of the
sanpl es (Exanpl es Bhrand 95 ,C@%ﬁleh?ﬁﬁtPBneé\Fatﬁf\/gbﬁ sHBth¢di6gen nol ecul e
concentration values of the sanples in the radial 25 direction, as

expl ai ned abdidel1amsIbdsd HEtles 1§ nedfompeul b53Veserti eFreAE3 agLONhd S12

eval uati on sanples 38 FPO1l-0005-00 before and after ArF exciner |aser

i rradiation iRgasuxed dof atlels Hhecedslhet sabfdetBRdANViARTADVEL1RE Kifne of

the 12 eval uation sanples which satisfied the conditions of a loss factor
of no greatemq HEIEALDO2DNEN ¢ty 40D e @Fer &filSIcéeS rradi ati on and an
average loss factor of no greater_ than 0.0050 cm1 after irradiation at
193.4 hm are |i st €the bRl IC o81 EkaapPeasd potainedhenr eRasnMA§RERT ee
evaluation sanples that did not satisfy these conditions are |isted in
Table 1 as - @Genpag ot YL AP £3CUL € oCBNCERET2D18R0GRE Vaii aPion in the

| oss factor with respect,to the irradiation pulse,nunber for irradiation
of Exanpl e 5 HhETHHR L V& Bxanpi® 1M ERUARSAFE ¥&EidetOFaser at an

ener gy densit%/ of 2 mJ/cn2p. Fig. N
actor of no greater than 0.0020 cm™~ before

ultraviolet irradiation will usually have a loss factor
10 of no greater thaﬁ 0.0050 em™ at 1932.4 nm as measured
after .irradiation with an ArF excimer laser with 1 x
10* pulse irradiation at an energy density from C.1
nJ/cm® p to 200 mJ/cm’-p.
The loss factor at 1383.4 nm to be measured after
15 irradiation is then measured during irradiation using a
transmittance measuring apparatus. First, from among
the synthetic silica glass members having a hydrogen
molecule concentration of 1 x 10%*° molecules/cm® to 2 x
10'® molecules/cm® and a loss factor of no greater than
20 0.0020 cm™? before ultraviolet irradiation there are
formed several groups, with each group consisting of
glass members cbtained from the same position of the
ingot and having equivalent optical properties. One
synthetic silica glass member is then taken from one
25 group at random and the loss ccefficient at 1593.4 nm is

measured after irradiation with an ArF excimer laser
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15 10 shows variation in the loss factor with respect to the irradi ét:i dn o

pul se nunber for irradiation of Exanple 8 and Corrparatlve Exarrpl

“an ArF exciner laser at an energy density of 200 mJ/cn2pF P§¢-0(o>- OO
c'C PV CcCV MOI UlLe) 41 0 -ri u o N gWIt 0 GMO "i ro 0 mv Lo
Lo NLf) O -C. OilNul NNoCVI I N -{

with 1 % 10° pulse irradiation at an energy density
from C.1 pd/cm™*p to 200 mJ/cm+p. If the measured
loss coefficient of the synthetic silica glass member
at 193.4 nm is no greater than 0.0050 cm™, then the

5 syﬁthetic silica glass members of the same group as
this synthetic silica glass member that have not been
irradiated with the ArF excimer laser are selected as
the synthetic silica glass members to be used in the
optical system construction step described below.

10 Thus, syntheéic silica glass members satisfying
the conditions of a loss factor of nc greater than
0.0020 cm™! before ultraviolet irradiation and a loss
factor of no greater than 0.0050 cm™ at 193.4 nm are
selected in the loss factor measuring step.

15 In the cptical system constructing step, the
synthetic silica glass members satisfying these
conditions are used to construct at least one from
among the synthetic silica glass members for the
illumination optical system, the synthetic silica glass

20 members for the preojection cptical system and the
reticle, thereby completing the stepper 1.

Thus, since all or some of the cptical members
such as lenses of the stepper 1 are synthetic silica
glass members with the properties described above, the

25 transmittance of the apparatus as a whole is

sufficiently high enough for practical use even when
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the light source 11 has a short wavelength cf under 200
nm such as is typical of an Arf¥ excimer laser.

Needless to mention, high transmittance sufficient for
practical use is guaranteed even 1f the light source 11
of the stepper is replaced with one that irradiates
light of a longer wavelength than an ArF excimer laser.

The present invention will now be explained in
greater detail by way of the following examples and
comparative examples, with the understanding that the
invention is in ﬁg way limited to these examples.

First, the afcrementioned synthetic silica glass
production apparatus 50 was used to produce five
different synthetic silica glass ingots, varying the
synthesis conditions such as the raw material flow and
the oxygen gas/hydrogen gas flow ratio. The shape of
the ingot is usually 180¢ to 620¢ (¢: diameter in mm) x
600-1200 t (t: thickness in mm), and heat treatment is
generally carried out with the ingot cut into a block
shape with t of 50-300 mm perpendicular to the
directicn of growth.

As the heat treatment conditions, the ingots were
held at 1000°C for 10 hours, the temperature was then
lowered to below 500°C at a temperature lowering rate
of no more than 10°C/hour, and they were subsegquently
allowed to coecl. A lump with a shape of ¢ = 60 mm,

thickness = 10 mm is then cut out from each ingot and
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subjected to fine polishing to cbtain 12 evaluation
samples (synthetic silica glass members).

After calculating the transmittance of each of
these 12 evaluation samples before irradiation
according to the method described above, the average
hydrogen molecule concentraticn of each sample was
measured by Raman spectroscopy. Specifically, the
Raman scattering intensity at 800 cm™’ and 4135 cm™! was
measured according tc V.S5. Khotimchenko et al., J. Appl.
Spectrosc., 46, 632—635(1987), and the luminous
intensity was determined. An ArF excimer laser was
then used for 1 x 10* pulse irradiation at various
energy density values between 0.1 pJ/cm’:p and 200
mJ/cm‘-p, and the transmittance at 193.4 nm wavelength
after irradiation was determined. After determining
the transmittance for each sample, formula (6} was used
to calculate the loss coefficients of the samples after
ArF excimer laser irradiation. The theoretical
transmittance used for formula (6) was 90.8748{%), as
the value for synthetic silica glass at 193.4
wavelength.

For some of the samples (Examples 5 and 9), the
variation width V of the hydrogen molecule
concentration values of the samples in the radial
direction, as explained above, was also determined.

The loss coefficients of the 12 evaluation samples

38
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before and after Ar¥F excimer laser irradiation were
calculated. The results are shown in Table 1. Nine of
the 12 evaluation samples which satisfied the
conditions of a loss factor of no greater than 0.0020
cm™t before ultraviolet irradiation and an average loss
factor of no greater than 0.0050 cm™* after irradiation
at 193.4 nm are listed in Table 1 as Examples 1 to 9.
The remaining three evaluation samples that did not
satisfy these conditions are listed in Table 1 as
Comparative Exampies 1l to 3.

Fig. 9 shows variation in the loss factor with
respect to the irradiation pulse number for irradiation
of Example 5 and Comparative Example 1 with an ArF
excimer laser at an energy density of 2 mJ/cm’-p. Fig.
10 shows variation in the loss factor with respect to
the irradiation pulse number for irradiation of Example
8 and Comparative Example 3 with an ArF excimer laser

at an energy density of 200 nJ/cr’-p. -
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EE kk%88&kxx000 WNACI | Cx7WNWNAU r-)U NU N FP0O1- 0005-00 From Table 1 it -was
confirnmed that for all of the L sanples having a hydrog%@or{mo%@g_%o
-concentration of 1 x 1016 nolecules /CMB to 2 x 1018 nolecules / CMB and a
| oss factor of no greater than 0.0020 cm 1 before 5 ultraviolet
irradiation, the variation width V of the hydrogen nol ecul e concentration
was in the range of - 50%:!~ V :!~ + 50% and the |loss factors after

Lo When & i al 14T Sl es Vi g TYdaen o ediTe Loncant 14 f ons and
exi bi tod by T Beai e et dARHRGH S Sy et € LA B bl St doct f ons
St epper 20" hai R F HELSLFS/ EBnctd et O s FECAt BF GRaRtT NG " S Epper 1,
Sati of act ory BTG fncl (G SR A Ul 2T 1 has>aT85°] udged whet her or
Tt St SRSl (AP S st sl actery perl AL M (APt E s, O
mol ecul eS/C*ﬁ&éfgé%ﬁ(égyééule concentration was in the range of -
50% < V £ + 50%, and the loss factors after irradiation
with the ArF excimer laser were no greater than 0.005
cmt. k
1V When a pluréiity of samples having hydrogen
molecule concentrations and loss factors before and
after irradiation that were equivalent to those
exhibited by the examples were mounted at synthetic
silica glass sections of the illumination optical
15 system and projection optical system of a stepper
having the same construction as the aforementioned
stepper 1, the necessary rescolution of 0.13 pm was
obtained, thus confirming satisfactory performance for
practical use.
20 it was also judged whether or not the stepper
exhibits satisfactory performance for practical use.
One point was assigned for a hydrogen molecule
concentration of 1 x 10%¢ molecules/cm’ to 2 x 10°°
molecules/cm’, one point was assigned for a hydrogen

25 molecule concentration value variation width V in the

range of -50% € V < +50%, one point was assigned for a
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nmol ecul es/ cnB, one point was assigned for a hydrogen 25 nol ecul e fo
concentration value variation width Vin the range of -50%!~ V : !~ +50%

- one point was assigned for a 41 FPO1l-0005-00 | oss factor B?O?ﬁﬁoapéapgr t han
0.0020 cm® before wultraviolet irradiation and one point was assigned for
an average loss factor at 193.4 nmof no greater than 0.0050 cm1 after 1
X 104 pulse irradiation with an ArF 5 excinmer |laser, and the total points
were sumed. The results of the total sumare shown in Table 1. A stepper
with a total lagh ofeatnee brmaoieepointisharxhi BF4e SAti HEESESry per f or mance
for practical use as a stepper. The hydrogen nol ecul e concentration val ue
-LO vari ati o MiTitH Metofl it st e st @Rt 1Wad 8ssignpdefespt
Exanple 9) were in the range of -50%<_V +50% The hydrogn nol ecul e

concentrat i orrlva@AM R adfariats ofR Gl @i hst VL 91 - 4 e sahphesSsraterpahani ve
Exanples 1 to 3 were all in a range |arger than the 15 range of -50%<_ V
< +50% As cotfdrthed byafhes otntPnPibsstepprisatighanpFesar #8679 which
had | oss factors (initial irradiation absorption) of no greater

t han- @. 0050 @H®CLMeY tlsearF B i e Tolsel Reyaes at¢oh awmied- | 0Zhgul ses 20
exhi bited performance suitable for practical use, while Conparative

Exanpl es 1 t F3udfichhdd'd d<-Facier S0t shpdate? T#ahe0100586 cmafter ArF
excimer laser irradiation did not exhibit perfornmance suitable for
practical us&rSRPSFLICENa RSPt FHD (Hosld ¥ e P am25e abetAfE hydr ogen

nol ecul e concentration of 5 x 1018/ CnB. or greater as in.Conmparative
Exanpl e 3 ha@@h&hpéﬁgéatlsfactory performaé%e or practlca?puse as

a stepper. The hydrogen molecule concentration value
10 variation widths % of the samples of Examples 1 to 8
(all except Example 9) were in the range of -50% <=V <
+50%. The hydrcgen molecule concentration value
variation widths V of the samples of Comparative
Examples 1 to 3 were all in a range larger than the
15 range of -50% <V £ +50%.
As confirmed by this mounting in steppers,
Examples 1 to 9 which had loss factors (initial
irradiation absorption) of no greater than .0.0050 cm’!
after ArF excimer laser irradiation at 1 x 10% pulses
20 exhibited performance suitabkle for practical use, while
Comparative Examples 1 to 3 which had loss facters of

5

greater than 0.0050 cm~ after ArF excimer laser
irradiation did not exhibit performance suitable for
practical use. It was confirmed that those with an

25 average hydrogen molecule concentration of 5 x 10'%/cm’

or greater as in Comparative Example 3 have a large
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42 FPO1-0005-00 hydrogen nol ecul e concentration val ue variation w dth- and
a very large loss coefficient after 1 x 10 pul se |rrad|§§¢9g @bghogn ArF
-exci mer | aser. The hydrogen nol ecul e concentration val ues © R 5 sanpl e
of Exanple 5 in the radial direction were distributed in a narrow range of
1.4 x 1018 - 2.2 x 1018 nol ecul es/cnB, and the hydrogen nol ecul e
concentration value variation wwdth V was -20% <- V < +20% The hydrogen

nol ecul e concent,rati on _val ues of the l.e Ofﬁ# agp in hg radi al
irection wer b a e in 1 -- 2.9 x

di BRI a8 T oo o RAr P D AR ARBe ar LRI HEDE261qn o

1018 nol ecul es/ nB and t he hydrogen ecul n rat n va

variation wi g was Y- ééﬁ?g 035 $88/61Fﬁ885t??g Agpfl bl?? §e15 As

expl ai ned abovefr hetsgnthe C %Ié ¢a % ass genbe_s of the invention have
properties suchfeAafr? BpHﬁ {71047 parse™Fr adP&fion with an ArF eXC|ner
{actor at 1934 miHEa Eaﬁéﬁgéﬁgégléﬁhﬁ%/5§%§F%§ﬁ§?é0ﬂ V31 G2Eep L RAR 0. 0050
factor at 193.4 nm r o] e
cml, and by using s hetic_silica_gla onstruction of all or
B he” oSERELF MEnBEREROE g LnoPEI LR iaBhg CSpaRarbESi ¢ i o possi b
fgn?ngreasg OEhe tr. m_.tt.ance_of ?he photol?tag ?ap%b @gp ; IS@EOSSI ©
exhi bi t adequgﬂétﬁégp Tarile 2f BRI BPACERLIF Qe egeﬁ éhen ?L? &ht sour ce

used is an ArE oxciuer laser, 43 QAR doh SYDLRELE CoShLLE gl gss mome

value variation width V was -20% < V € +20%. The
hydrogen molecule:concentration values of the sample of

L0 Example 9 in theﬂ;adial direction were distributed in a
narrow range within 0.76 x 10 - 2.9 x 10 molecules/cm’, and
the hydrogen molecule concentration value wvariation
width V was -60% < V < +60%.
Industrial Applicability

15 As explained above, the synthetic silica glass
members of the invention have properties such that,
upon 1 x 10! pulse irradiation with an ArF excimer
laser at an energy density from 0.1 pJ/cm®-p to 200
mJ/cm?-p, the loss factor at 193.4 nm measured after

20 irradiation is no greater than 0.0050 cm™, and by
using such synthetic silica glass for construction of
all or some of the opticadl members of a
photolithography apparatus it i1s possible to increase
the transmittance of the photolithography apparatus to

25 exhibit adequate performance for practical use even

when the light source used is an ArF excimer laser.
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phot ol i t hography apparatus enploying light in a 5 wavel ength range of :400 -~
-nm or | ess, wherein said glass nenber is selected fromany one anong the’
gl ass nmenbers which are adjusted to have a hydrogen nol ecule concentration
being from1 x 1016 nol ecules/cnm8 to 2 x 10,18 nolecules / CM3 by

adj usting the synthesis ao and/ or heat £ ment conditions of a synthetic
silica glass ingot whfch is a source erTal, wherein said glass nenber
having a | oss factor which satisfies the follow ng condition represented
by formula (i) and (ii) is A 0.0020 c-in- 1 (i) BO0.0050 cm1 (ii) [In
formula (i) and (| Are resents | oss.factor _befare ultrayviol et
irradiation, B repres%n?%n{}?%js% g(’:f:ér 4S50 FeHLRM MO WS M ter 1 x 104

P11 1 s e 20_i ion with an ArF_exci mer, | aser _.at _an energy density
fromoO.1 pj/ @wtpdft at%%rml?wpaﬁatﬁsfmﬁ Sl (orke] |ltll'i’6‘§r dphy? appar at us

conpri:si ng an, pos ht ) that enmits light with a wavel ength of
400 nib or | et ve f @ﬁﬁ N 598 [&FFe é’%ﬁlteﬁna pattern i mage
formed therein, Cg( mnatlo tcal -s%ﬁi that irradiates |ight
outputted from salsaaje Ute 19 Gf' sbar 58 fit-6 55F8m43n15’et0|n@| SO

projection optical, systemthat projects ttern i mge outputted from

said reticl e%ﬁ;ﬁt FLd i %?H&%lvﬂ? p‘f”é?e §aag§ FPgRAEARL as@é’tdérﬁqeﬁat

posi tions salrn%lr et | c e. and Stalagijghm osensi tive pl at .o Wherein | past
{13 %ﬁﬁgrg o§| sé‘i%leicflm‘lﬁﬁt"l%trﬂl on

some of the &yntiets ec 5%
opti cal to 2 x 10'® molecules/cm’® by adjusting the synthesis

10 and/or heat treatment conditions of a synthetic silica
glass ingot which/is a source material,
wherein said glass member having a loss factor
which satisfies the following condition represented by
formula (i) and (ii)
15 A < 0.0020 cm’™? (1)
B < 0.0050 em™ (ii)
[In formula (i) and (ii), A represents a loss factor
before ultraviolet irradiation, B represents a loss
factor at 193.4 nm measured after 1 x 10* pulse
23 irradiation with an Ar¥ excimer laser at an energy
density from 0.1 pJ/cm®'p to 200 mI/cm?p.]
2. A photolithography apparatus comprising an
exposure light source that emits light with a
wavelength of 40C nm or less as the exposure light, a
25 reticle with a pattern image formed therein, an
illumination optical system that irradiates light

outputted from sald exposure light source onto said
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system the synthetic silica glass nenbers conposing
system and said reticle consist
according to claim1. 10 3. A process for producing a photolithography
appar atus whi ch conpri ses an exposure |ight source that

opti cal

wavel ength of 400 nmor less as the exposure light, a reticle with a
pattern i mageréoioed, thereiimctaren |dumieal i onsbphi EaPtspsrdmctifathe

irradiates 15 light outputted fromsaid exposure |ight source onto

reticle, a prpaectironioptiecahitgystized thegnpeaidcrstiche pattesn i mge

outputted fromsaid reticle onto a photosensitive plate and_an alignnent

system t hat

synthetic silica glass nenber of the prescribed shape and si ze,
sai d reticle. ghabessechaeter cegsisimy step ibtumdastiemenotoficalt he | oss

sai d projection'
of synthetic silica glass nenbers

sai d

nAA

P

emts light wth a

postbEensisdive metated earthdeBak Hi phBebseAgEtiele thieate, 20 the
process conprising an ingot synthesizing step in which a synthetic silica
gl ass i ngot whthiaihydr cgen ntsictl @ acdneehtrahPEASERSHLeMELl PYatFls
mol ecul es/cnB to 2 x 1016 nolecules/cnB is synthesized, 25 an ingot
cuttimg step in whivkkrsdird asyrtdrett csomé | pEat GRas¥nNithgdtlc $1ddtCat o obtain a
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of synthetic silica glass members according to claim 1.
3. A procesg-for producing a photclithography
apparatus which comprises an exposure light source that
emits light with a wavelength of 400 nm or less as the

exposure light, a reticle with a pattern image formed
therein, an illumination optical system that irradiates
light outputted from said exposure light source onto
said reticle, a projection cptical system that projects
the pattern image outputted from said reticle onto a
photosensitive plate and an alignment system that
positions said reticle and said photosensitive plate,
the process comprising

an ingot synthesizing step in which a synthetic
silica glass ingot with a hydrogen molecule
concentration of from 1 x 10'® molecules/cm® to 2 x 10*F
molecules/cm® is synthesized,

an ingot cutting step in which said synthetic
silica glass ingot is cut to obtain a synthetic silica

glass member of the prescribed shape and size,
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greater than 0.0020 cm 1 before said ultraviolet irradiation and a | @gss ™
factor of no greater than 0.0050 cm: at 193.4 nm and an optical system
constructing step in which the synthetic silica glass nmenber obtained in
said | oss "factor measuring step is used to construct at |east sone of the
synthetic silica glass nenbers conposing said illumnation optical system
the synthetic silica glass nenbers conposing said projection optical
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& loss factor measuring step for measurement of
the loss factor of said synthetic silica glass member
before ultraviolet irradiation and the loss factor at
183.4 nm after irradiation with an ArF excimer laser

5 with 1 x 10° pulse irradiation at an energy density
from 0.1 pJ/cm’-p to 200 mI/cm® p, to obtain a
synthetic silica glass member with a loss factor of ne
greater than 0.0020 cm™ before said ultraviolet
irradiation and asloss factor of noc greater than 0.0050
10 cm™ at 193.4 nm, and

an optical system constructing step in which the
synthetic silica glass member cbtained in said loss
factor measuring step is used to construct at least
some of the synthetic silica glass members composing
said illumination optical system, the synthetic silica
glass members composing said projecticn optical system

and said reticle. -
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