19 AUG 2003 FPO1-0004-00 DESCRI PTION Optical G ass and Projection Exggzgk%WH
Apparatus Using the Sane 5 Technical Field The present invention rel

to an optical glass, conposed of a basic conposition of BAB-RO4{wWhere R
indicates My, Ca, Sr and Ba) , having a refractive index (nd) of 1.52 to
1. 65, anAbbe nunber (vd) of 55 to 61, and an 80%transm ssion 10

wavel ength (at a thickness of 10 nmincluding no reflection 1loss) of 330
nm or shorter; and a projection exposure a ?aratus usi ng the sane.
Background Art Recently, as opticaID§§§3§R§ @Hve cone into w der use, 15
opportunities to design optical glasses using wavel engths in ultraviolet
regi ons have been iMR&i€asi AYas THARP 6P deCt Hehdide Twre depvaraphad wimd cal

gl asses having various optical constants and exhibiting an excell ent
transm ssivi tY2§ Pa8%@ travi ol et regi ons have been becom ng greater year by
year. 20 A nunber of optical glasses having optical constants wth a
refractive index (nd) within the range of 1.52 to 1.65 and an Abbe nunber

(vd) m%thin the .ran 3%t 5 to 61 have conventionally been known, and
opti cat gl ass Wﬁﬁégg by an Si O2- B2G3- Al 203- BaO syst em have al r eady

been 25 nanufactuaﬁg wi_del + For_ exa I%,]q%pan se Pat ent, plhpation
Laj d- Open No. 1 1 /EU@ inventlon elates ¢ an coptic glass,

composed of a basic composition of B,0;-RO (where R indicates
Mg, Ca, Sr and Ba}, having a refractive index (nd) of 1.52
tol.65, anAbbe number (vd) cf55to 61, andan 80% transmission
10 wavelength (at a thickness of 10 mm including no reflection
loss) 0of 330nmmor shorter; andaprojectionexposure apparatus
using the same.
Background Art
Recently, as optical systems have come into wider use,
15 opportunities to design optical glasses using wavelengths
in ultraviolet regions have been increasing. Therefore,
demands fordevelopingoptical glasseshavingvariousoptical
constants and exhibiting an excellent transmissivity in
ultravioclet regions have been beconing greater year by year.
20 A number of optical glasses having optical constants
with a refractive index (nd) within the range of 1.52 to
1.65 and an Abbe number (vd) within the range of 55 to 61
have conventionally been known, and optical glasses
representedbyan Si0,-B;05~A1;03~-Ba0 systemhave already been
25 manufactured widely.

For example, Japanese Patent ApplicationlLaid-OpenNo.



FPO1- 0004-00 HElI 11-79781 discloses an optical glass of an

Si O2- B20B- Al 208- La2@B- CaO- Li 20 system as an optical glass having t h&9 AUG 2003
above-nentioned optical constants and exhibiting an excetp®EMoEherdcal
durability. Al so, Japanese Patent 5 Application Laid-Qpen No. SHO 62-87433
di scl oses an optical glass of an Si O2- B2G3- BaO system havi ng an 80%
transm ssion wavelength (at a thickness of 10 nmincluding no reflection

| oss) of 340 nmor shorter as an optical glass having the above-nentioned
opti cal constrDI slanteexhididdgses ghodifi dalansiassioi tanin ul travi ol et
regions. Further, Japanese Patent Application Laid-Open No. HEl 03-93644
di scl oses an Sopi-Ezal-ml-assLef0alabi-02-8263sBa® syskenvhavcal gna88%
transm ssi on wavel ength (at a thickness of 10 mmincluding no reflection

| oss) of 320 mavimg sherdlssvednedthicnddboppecihlicatdtomt s 80% dxlaiisit Ssg on
wavel ength (at a thickness of 10 mmincluding no reflection loss)" is the
wavel engt h neEasexedl bacoraiengidal OGS N7E119382 Alleas Waipeg et [Fed drar
Internal Transmittance of Optical A ass." Specifically, a sanple having a
t hi cknbss of AEphication ddidt-Oden Nd. [SHPh62-20438halisyElctiged atrepshcali vity
of the sanple at the time when it includes no reflection |oss is neasured,
and the wavel @hgg$ of{ Bnn§ 10f-B:Re-Ba® aalhdromaviigiot anhens threanessissiog
spectral transmissivity is 80% (when 80% of all the Iight beans

i rradi ati ng tWevebspiieh died artdrispinesbiod) 1P sun dked ugld nghgo2geflection

above-nentioned wavel ength. Disclosure of the Invention 2 1 9 AUG 2003
: loss) of 340 nm or shorter as an optical glass having the

above-mentioned optical constants and exhibiting a high
10 transmissivity in ultraviolet regions. Further, Japanese
Patent Application Laid-Open No. HEI 03-93644 discloses an
optical glass of an S5i0:;-B,0;-BaC system having an BO0#%
transmission wavelength (at a thickness of 10 mm including
no reflection loss) of 320 nm or shorter. In this
}5 specification, “80% transmission wavelength (at a thickness
of 10 mm including no reflection loss)” is the wavelength
measured according to JOGIS 17-1982 “Measuring Method for
Internal Transmittance of Optical Glass.” Specifically, a
sample having a thickness of 10 mm is irradiated with light,
20- the spectral transmissivity of the sample at the time when
itincludesnoreflection loss ismeasured, and thewavelength
{nm) of the irradiation light when the resulting spectral
transmissivity is 80% {when 80% of all the light beams
irradiating the sample are transmittable) is taken as the
25 above-mentioned wavelength.

Disclosure of the Invention



FPO1- Q004- 00 However, Si 2, which is introduced in the above-m&*ntior1e\3:IAUGm3
conventional optical glass in order to secure the chem cal durability
thereof and so forth, raises the tenperature required fofPet@e0¢he

gl ass. Therefore, 5 inpurities are nore likely to mngle into the optical
glass fromcrucible materials, furnace materials, and the like in the
process of manufacturing the optical glass, whereby the |owering of
ultraviolet transmssivity in the resulting optical glass has becone

probl ematic. Al so, HaozEr 1@ iGt r vhdckd lisntdtepaugeey énnéhei oned
conventional optical glass in order to raise the refractive index thereof,
| owers the ukRPRYTHRREIARHSANESNVieYabpPLhcadstliasn ippadsrfisesecure

i ntroduced by a | arge anmount. -3n view of various problens of the

above- ment i onEle aABERbrAL Y oHH L igpt i e replhsird s tfenthn ThiRs Wiet he
present invention to provide an optical_ glass having a refractive index
(nd) of 1.52 t¥MASHELULG P¢AHE r meBtgrg sohe oIleds - addesie Igom,
transmission wavel ength (at a thickness of . 10 mmincluding no_reflection
| oss) of 330 HAPSFLsHeT e BOrand ks Bt MAgIAR Jék%ltlh@pPpglFPﬁeglass |
oS el R S PSS LS rpogure apnaLsLus el ng LS, sarm  wni ch
order, Lo IS4 heoshares stk oned ob) seboands o0 teull v, 26
menti oned abot\:/k?e Eirc])gde?:‘)i%igbci) iurl%r%vqioq.rétul:lt:glg\slringlsg&vgt% ign '%Hg rzeos(?élting
optical glass has become problematic. Also, La;0;,
10 introduced into the above-mentioned conventional optical
glass in order to raise the refractive index thereof, lowers
the ultraviolet transmissivity of the optical glass when
introduced by a large amount.
‘In view of various problems of the above-mentioned
15 conventional optical glasses, it is an object of the present
invention to provide an optical glass having a refractive
index (nd) of 1.52 to 1.65, an Abbe number {vd} of 55 to
61, and an 80% transmission wavelength (at a thickness of
10 mm including no reflection loss} of 330 nm or shorter
20 and exhibiting an excellent i-line transmissivity:; and a
projection exposure apparatus using the same, which can
attain a high resolution.
The inventors repeated diligent studies in order to
achieve the above-mentioned object and, as a result, have

25 found that an optical glass having predetermined optical

constants mentioned above and exhibiting a high ultraviclet



FPA -0004-00 5 transmssivity is obtained in an optical glass of a B203-
system (where Rindicates My, Ca, Sr and Ba) if the conmposition ratid kﬁﬁ?%3
constituents is adjusted into a specific range, thereby FrEAcHOWm-tdE
present invention. Nanely, the optical glass of the present invention
conprises a conposition in ternms of weight ratio within the range of 0 to
14.8 wt% of Si02, 30 to 60 wt% of B203, 0 to 17.5 wt% of A1203, 0 to 0.4
w%of Li20 0to 3 ww%of Na2O 0 to 3 wt%of K20, 0 to 5 wt% of MgO, O
to 30 wt % of €afhsilsfitirBAswobtainSdQn Gt op33cllYgdhsBadEt avBeoe-HRD (MO
+ Ca0 + SrO+ BaO is 8to 35 w% 0 to 20 wt%of ZnO 0 to 6.5 w % of
La203, 0 to 1Systémdivhed2@Rindi da:dSMus Waof SiYaH3 BA) if ahkC-ompéaft a3, O
to 9.5 m%of Zra2, 0to 1 wt%of As203, and O to 0.5 wt % of Sh2C3; and
has a refractraeio ndéxcdmed)ititerdfs i H2adjmsEt«6b,iro Abbspaninhier farde ,of 55
to 61, and an 80% transm ssion wavel ength (at a thickness of 10 mm

i ncl udi ng nothefé¢lpetreachioss)thof B@3samt dmwshdrier. The optical gl ass
conprising such a conposition of constituents has a refractive index (nd)
of 1.52 to 1.65, 2Nemalvbbdenwpisrcalvd)lass 55 tthes hregahtariBt2tion
transm ssi on wavel ength (at a thickness of 10 mmincluding no reflection

| oss) of 330 ¢empYlshdeE epmpedlekdinbin $egmsextaldigitt iratilpewithin the
transm ssivity. The projection exposure apparatus of the present' 25

i nvention con’f)c’lﬂil%‘ésogrp &pdduBewitdght SaQrce30 &a &4 ot dloBr@d, W thp a

pattern origi naI image, an illumnation optical 4
.5 wt? of Al,03, O to 0.4 wt% of Li»0O, 0 to 3 wt% of Na.0,

0 to 3 wt® of K:0, 0 to 5 wt% of MglO, 0 to 30 wt% of CaoO,
10 0 to 30 wt% of Sr0, 0 to 35 wt% of BalO, where RO (MgO + CaO
+ SrO + Ba0) is 8 to 35 wt%, 0 to 20 wt% of Zn0O, 0 to 6.5
wt% of Laz;0;, 0 to 15 wt% of Gd:05, 0 to 15 wt?® of Y,0,5, 0
to 10 wt% of Ta,03, 0 to 9.5 wt?% of Zr0;, 0 to 1 wt% of As:0;,
and 0 to 0.5 wt? of Sb:;03; and has a refractive index (nd)
15 of 1.52 to 1.65, an Abbe number (vd} of 55 to 6él, and an
80% transmissionwavelength (at a thickness of 10mm including
no reflection loss) of 330 nm or shorter.
The optical glass comprising such a composition of
constituents has a refractive index (nd) of 1.52 to 1.65,
20 an Abbe number (vd) of 55 to ©l, and an 80% transmission
wavelength {at a thickness of 10 mm including no reflection
loss) of 330 nm or shorter and exhibits an excellent i-line
transmissivity.
The projection exposure apparatus of the present’
25 invention comprises an exposure light source, a reticle

formedwithapatternoriginal image, anilluminationoptical



"1 9. AUG 2003 FP01-0004-00 systemfor illumnating the reticle with I{1dghAUG 7003
outputted fromthe exposure |ight source, a projection optical system for
projecting onto a photosensitive substrate a pattern inmgedqydtRd from
the reticle, and an alignment system5 for positioning the reticle and the
phot osensitive substrate wth respect to each other; wherein at |east a

part of optical glasses constituting the illum nation optical system

optical glasses constituting the projection optical system and the

reticle is mgdesQin i oplieAlnH 335 e A iRNGSEMAlch 10 gHY ATkt A NCE

the projection exposure apparatus of the present inventlion conprises the

optical system&erabidiiesly 168etr 9pktea] Dbasseoh ibReoPt ESENts et i on,
it can yield an excellent resolution. 15 Brief "Description of the Draw ng

Fig. 1 is a sehepidied iy Inhenghs dsaxammhe ubdthety & ety n
exposure apparatus of the present invention. Best Mdes for rrying Qut

the Inventioniddyd heitholthed Fgomt BRepresedle} N¥eAta®a Midrdmdir LK @¢pl ai ned
in detail with reference to the drawi ng when appropriate. First, the

opti cab gl asstef pbhet psEeSedtt hienveeitd N antdldhe PpRoespbakNedvelsubHda-aad i cal
gl ass of the present invention, the conposition ratio of the constituents
sati sfies thevi2brespdtt itonsadiedtheredvisdyin aArngst headwoy € opnitdained
constituents of the optical 5

glasses constituting the illumination optical system,

optical glasses constituting the projection optical system,

and the reticle is made of the optical glass of the present

10 invention.

Since the projection exposure apparatus of the present
invention comprises the optical system constituted by the
optical glass of the present invention, it can yield an
excellent resclution.

15 Brief Description of the Drawing

Fig. 1 is a schematic diagram showing an example of
the projection exposure apparatus of the present invention.
Best Modes for Carrying Out the Invention

In the following, the present invention will be

20 explained in detail with reference to the drawing when
appropriate.

First, the optical glass of the present inventionwill
be explained. Intheoptical glassof thepresent invention,
the composition ratic of the constituents satisfies the

25 conditions mentioned above.

Among the above-mentioned constituents of the optical
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1 9 AUG 2003 FPO1-0004-00 glass of the present invention, the B2G3 19 py 2003
conponent is a glass-fornmng oxide and is an essential ingredient of the
optical glass of present invention. The devitrifying propestyomistte gl ass
will increase if the B203 content is 5 30 wt% or |ess, whereas the chem cal
durability of the glass wll remarkably deteriorate if the B203 content
exceeds 60 w% In view of these points, the B203 content is preferably

35 to 60 W% nore preferably 35 to 55 wt% RO is useful for adjusting the
refractive i ndexsofof hehe Ifr @pincal nedmssomndtham-o4i Bempbaeatf egt z0f

suppressing its vitrification, and is an essential ingredient of the
optical gl asglaéstherpiresentidevent iiGnanl 8ssbhsiapechfredal e, oR the
indicates My, Ca, Sr, and Ba. Therefore, RO indicates MgpO, CaO SrQ, or
BaO Al so, "R&p{MA +glad toiSriYesdatO) inweib ikn I 0 T wWedi imidiyvdaies t hat
"the RO content in the optical glass is 8 to 35 W% i.e., the total of
t he MgO cont eptopémt Y4of Ga@ gdatsenwilM YhereSs® cHntlentB-out &¢ntenndi 8BaO
content [w% is 8 to 35 % " Here, the desirable refractive index
cannot 5be obt a9 ndd of ldws Rehevaterithe shieadsatihdur Sbit 4y 2 the ¢ghes KO
content exceeds 35 wt% by contrast, the tendency of vitrification to
occur wi Il i nekbhseemarichlile deftericalateddfabheiBy0sotohhenbpekcaddgl 68s wil |
decrease. In view of these points, the RO content is preferably 8 to 26
wt % nore prigkeradinyviswiod Pigese %o 28 sHotbed:Osidontentc o atrere L axfalhiyd,
which is one of RO exceeds 5 wt% the tendency of vitrification to occur
will 6 35 to 60 wt%, more preferably 35 to 55 wt%.
RO is useful for adjusting the refractive index of the
10 optical glass and improving the effect of suppressing its
vitrification, and is an essential ingredient of the optical
glass of the present invention. In this specification, R
indicates Mg, Ca, Sr, and Ba. Therefore, RO indicates MqgO,
Ca0, Sr0O, or Ba®. Also, “RO (MgO + CaO + SrO + BaO) is 8
15 to 35 wt%” indicates that “the RO content in the optical
glass is 8 to 35 wt%, i.e., the total of the MgO content
[wt®], Ca0 content [wt%], SrO content {wt%], and BaO content
[wt3] is 8 to 35wt%.” Here, the desirable refractive index
cannot be obtained if the RO content is less than 8 wt%.
20 "If the RO content exceeds 35 wt%, by contrast, the tendency
of vitrification to occur will increase, and the chemical
durability of the optical glass will decrease. In view of
these points, the RO content is preferably 8 to 26 wt%, more
preferably 15 to 26 wt%.
25 However, if the content of Mg0O, which is one of RO,

exceeds 5 wt%, the tendency of vitrification to occur will



1 9 AUG 2003 increase, and the chem cal durability of the optical glpgsyg 2003
will decrease, even when RO (MJO + CaO + SrO + BaO) satisfies the

cdndition of 8 to 35 w% Simlarly, if the CaO content exceeds 30 wt% the
5 tendency of vitrification to occur will increase, and the chem cal
durability of the optical glass wll decrease, even when RO (MO + CaO +
SrO + BaO) satisfies the condition of 8 to 35 w% In view of such points,
the CaO content is preferably 0to 26 wt% 10 Simlarly, if the SrO

content excee % denc of, vi flcat ion to occur

i ncr ease, andgﬁﬁgga% nqli%ec ﬁf‘ﬁlc%} gprta é 6§tyl RhI chP REIFRT %%Féase

even when Rowﬁlg@c rCaO + S‘rrO + BaQ s erS the condition of

W% In view 0 S8 s S VERE (80 455 éf%@%bl%@%@?% vvt%

If the BaO coptent e cteeds %#5 Q/t %uﬁg ndency of vitrification to occur

wi || |ncrease andh Je %’he c b‘ﬂ: ty of the optical gl ass wl |l

decr ease. Vi ewgl tzéa‘gao content is preferably 0 to 20

26 W % . Sl 02 is a %}}ﬁ n‘EPrf‘"se%'h ‘P’I‘@?%E‘Feﬁp Y8&ed thehen

necessary, t Ve . i.n 1 npraovin stability and chem cal

durabiTity ofﬂbtq-h encp‘% |°cfal¢l ;Lfl Ca o5 T, 8c§ grjn SRCTERSEd SN thgy 9

however , thecT@ '(tj;b 0 ri se, - whereby

the amount 7 TOAC aﬁ%@i&%&%’@%ﬁﬁs L8 A711 Yecrddss, every”
when RO (MgO + Ca0O + SrO + BaO) satisfies the condition of |
8 to 35 wt%. In view of such points, the Ca0O content is
preferably 0 to 26 wte. '

10 : Similarly, if the SrO content exceeds 30 wtg, the‘
tendency of vitrification to occur will increase, and the
chemical durability of the optical glass will decrease, even
when RO (MgO + CaO + SrO '-i- Ba0Q) satisfies the condition of
8 to 35 wt%. In view of such points, the Sr0O content is

15 preferably 0 to 26 wtg.

If the BaO content exceeds 35 wt%, the
tendency of vitrification to occur will increase, and the
chemical durability of the optical glass will decrease. In

view of such pointé, the BaO content is preferably 0 to

20 26 wt%,

Si0; is aglass-forming oxide and is an ingredient added
when necessary, since it is effective in improvin;; the
stability and chemical durability of the oﬁtical glass. If

25 _thé Si0. content exceeds 14.8 wt%, however, the melting

temperatureof theoptical glasswillrise, whefeby the amount



of inpurities mngling into the optical glass frommaterials constitgtiuggon
tthe crucible and furnace and the like in the manufacturing process wll
increase. As aresult, the wultraviolet transmssivity of FRhk-0pd4€ad gl ass
will decrease. 5 1n viewof this point, the SiQ2 content is preferably 0 to
10 % nore preferably 0 to 5 wt% A1203 is an ingredi ent added when
necessary, since it is effective in inproving the chem cal durability of
the optical glass. However, the nelting property of the optical 10 gl ass
wi || deteriorafemnrfunitg esR03gLmg éntt celkireogd itA15g 86 frEmomatdeials

vi ewpoi nts of attaining favorable chem cal durability and nelting property
of the opticaFogshstuting thd 203icidnteernd $upnefcer abplkdy thet b1k&. Bnwthe, nore
preferably 9 to 17.5 wt% 15 When adding Al 203 as a constituent of the
optical gl asshanafacRuringreferedd ywablbethcuedse hathg e maswrt r dthieo of
A1203 to B203 is less than 0.20 fromthe viewpoint of making the optical
gl ass nel tabl Blhraniebeketreappesaiui by ofrthehvBticpegilkissatildriectdmsenl ar
ratio of A1203 to B203" is the value 20 obtained when the anmount of

subst afce [mol] BieACAOFhis BPINgedtheySiPe campbemt 65 BubSesabdy[Aotd of
B203. The chemcal = durability will decrease if the nolar ratio of Al2O3 to
B203 is 0.2018rwhteatere pyoerabhn ¢ nkp edieht - added when necessary in
order 25 to inprove the nelting property of the optical glass. The

cheni cal durabilityOsthe aGptneardirasadied et 8gsessRIY 19108 P03

FPO1- 0004-00 |, . C . . s
: is effective in improving the chemical durability of the

optical glass. However, the melting property of the optical

10 glass will deteriorate if the Al,0; content exceeds 17.5wt%.
From the viewpoints of attaining favorable chemical
durability and melting property of the optical glass, the
Al;0; content is preferably 5 to 17.5 wt%, more preferably
9 to 7.5 wtg.

.15 When adding Al,03; as a constituent of the optical glass,
Al,0; is preferably added such that the molar ratio of Al.O;
to B»03 is less than 0.20 from the viewpoint of making the
optical glass meltable at a lower'temperature- In this
specification, “the molar ratio of Al,0; to B;03z” is the value

26 cbtained when the amount of substance [mol]} ofA1,0;3isdivided
by the amount of substance {mol] of B;0;. The chemical
durability will decrease if the molar ratio of Al.0; to B.0Os
is 0.20 or greater.

Li;0 is an ingredient added when necessary in order

25 to improve the melting property of the optic;al glass. The

chemical durability of the optical glass will decrease if



the Li20 content is 0.4 wt% or greater. Al so, the tendency of U6 2003
cruci bl e-constituting materials to corrode will increase, so that trléqré

will be a fear of inpurities mingling into the optical ¢Pads 0drd—op t he
manuf acturing thereof and 5 thereby lowering its ultraviolet

transm ssivity. Na20 is an ingredi ent added when necessary in order to

I nprove the nelting property of the optical glass. The chem cal durability

of the optical glass will decrease if the Na20O content is 3 w % or
greater. Al sdhe he-0eandereey 168 of 4 aritcidd greansti.t AL sy, Netee tiealde ricy
corrode will increase, so that there will be a fear of inpurities

m ngling. I ntdf cthellnbs+ocals gl assinymahgri Aes remdacids wind l ihereafsegnd
thereby lowering its ultraviolet transmssivity. In view of such points,

t he Na20 contsentthag pihefrer afilly Get @ featr%o f15mpore thesf edalllin® timth 5 wt %
K20 is an ingredi ent added when necessary in order to inprove the nelting
property of tihe gptticall glass. diténgcltdm oanudacaliritgy tdfe el @ptd cal
glass will decrease if the K20 content is 3 ww%or greater. Al so, the
tendenty of Xhegrahy Bloaeedmst iltst LAdg nawtierliedl & riemspdasddabyi.l | i ncrease,

so that there will be a fear urities mngling into the optical glass
during the manuf acN@rz@ngStaiErlétﬁrgkﬁnt tretsly Wheate maRp S92 Yl ity @widsiret
transmssivity. In view of such points, the K20 content is preferably 0 to
1 W% 25 nort@ amétr@mbtlyeonqlcﬁlm%nmew ef rhetortteab gkrs=e. LiTh@ Na20,

and K20 nentiogned 9 6 19 AUG 2803
chemical durability of the optical glass will decrease if

the Na,0 content is 3 wt% or greater. Also, the tendency
10 of crucible-constitutingmaterials tocorrodewill increase,

so that there will be a fear of impurities mingling inte

the optical glass during the manufacturing thereof and

thereby lowering its ultraviolet transmissivity. In view

of such points, the Na;0 content is preferably 0 to 1 wt%,
15 more preferably 0 to 0.5 wtg.

K;0 is an ingredient added when necessary in order to
improve the melting property of the optical glass. The
chemical durability of the optical glass will decrease if
the K;0 content is 3 wt% or greater. BAlso, the tendency of

20 crucible-constituting materials to corrode will increase,
so that there will be a fear of impurities mingling into
the optical glass during the manufacturing thereof and
thereby lowering its ultravioclet transmissivity. In view
of such points, the K:0 content is preferably 0 to 1 wt%,

25 more preferably 0 to 0.5 wt%.

Here, in the case where Li,0, Na.0, and K;0 mentioned



above are expressed as X20 (where X indicates Li, Na, and K) as in the
above-nmentioned RO, it is preferred that the X 20 content (hereinaftpg
referred to as "X20 (Li20 + Na20 + K20.) ") in the optical glass be 0 Y6 7003
wt% Here, "X20 (Li20 5 + Na,?0 + K20)" is the total of the Li20 content
[Wt9% , Na20 content fw9%, and K20 content [w% in the optical glass. As
a consequence, the nelting property can be inproved w thbut |owering the
chem cal durability. 10 ZnOis an. ingredient added when necessary, since
it has an effect of lowering the nelting tenperature of t he optical
glass and i s &P9¥eepfEcerpEeFAcddpasKihgivtiere nNefiragtdyes & ndex 19 the .
optical glass, If the ZnO content 15 exceeds 20 wt % however, the'tengency
of cruci bl e- Eond38i iRutthey ahave-indrst tanedROde iild broraass £1so t
there will be a fear of inpurities mngling into the Optical gtiass uring
the manuf act kih§ormiendof(haneginaticeebyefeneengoi &8 “xid r@v,8l €iNa.0 +
transnissivi§¥. Al'so, the 20 effect of suppressing the vitrification or the
optical glassfabl) deckranptimal lgdasst be ¢hewilcaltdur gairkl, t ¥x b {ﬁfo
optic?JJ glass wi |l decrease- In view of such points, the ZnO con et is
preferably 37t &§3r8 w¥4Q)ivde phef totblyos the N2,0Mnt2nt 2R3 ]S \@ilo
I ngredi ent added when necessary, since it 1is effective in inproving the
refractive i TPRESTE LHE3dpt pREI K20 ront entAlwe@(3 inPOhe0894i 891 0y 8gssand
| mprovi ng thiscahgrri cal durability thereof. If the
onsequence,themeltlngpropeFtycanbeimprovedwithdut

lowering the chemical durability.

1o

Zn0 is an ingredient added when necessary, since it
has an effect of lowering the melting temperature of the
optical glass and is also effective in adjusting the
refractive index of the optical glass. If the Zno content

15 exceeds 20 wt$%, however, the fendency of
lcrucible-constituting materials to corjsode will increase,
so that there will be a fear of impurities mingling into
the optical glass during the inanufacturing therecf and
thereby 1owe1:ingr its .ultravj.olet transmissivity. Also, the

20 ‘effect of suppressing the vitrification of the optical glass
Will decrease. Further, the chemical durability of the
optical glass Will decrease. In view of such pdints, the
Zn0 content is preferably 3 to 16 wt%, more preferably 3
to 12 wtsg. |

25 p 7 La,0; is an ingredient added when necessary, since it

is effective in improving the refractive index of the oﬁtical

.10




La=03 content exceeds 6.5 wt% however, inpurities contained in naﬁqii b§%3
f.or La-03 will be nore likely to mngle into the optical glass, ther 6@

|l owering the ultraviolet 5 transmssivity thereof. Al so, riphe —melots-1d
tenperature of the optical glass will rise. GJd203 is an ingredi ent added
when necessary, since it is effective in inproving the refractive index of
the optical glass and inproving the chem cal durability thereof. If the

10 &d203 content exceeds 15 wt % however, the effect of suppressing the

devitrificatipmsd bhddeprerseg fhsehemiealndhtimgl { eppacature of it
optical glass will rise. In view of such points, the GJd203 content is

preferably O f:p0l2Zont¥ntY2b3dss an sings cdoerlveaddetbywheni deeestaliedi Nce
it 15 is effective in inproving the refractive index of the optical glass

and inprovi ngird heteianicalfcdurabdl ¥yl 1 her edfre 1fikde £R2@3 neanrt anttexceeds
15 wt % however, the effect of suppressing the devitrification wll

decrease. Al sthe tdpg iRl iglGisst, enperabyr & odfertiiry apid caltrgvdssed || rise. In
vi ew of such 20'points, the Y203 content is preferably 0 to 12 wt% Ta203
I s an 5% ngr editerinsaddad wilten theeessar yal sbncehé tme ltsiref frettdevas iurd @ ovi ng
the refractive index of the optical glass and inproving the chem cal
durability thereaptidalt kd asEa243 Icaritsent exceeds 10 wt % however, the
ef fect of 25 suppressing the devitrification will decrease. Al so, the
mel ti ng tenperat ur &daP; tilseanpingedd irals s dddd whesenetasgaew, 1diricd AUG 2003
FP0O1- 0004- 00 of such points, the Ta203 content is preferably O to 8 w%
iseffective in improving the refractive index of the optical
glass and improving the chemical durability thereof. If the
10 Gd-03 content exceeds 15 wt2, however, the effect of
suppressing the devitrification will decrease. &Also, the
melting temperature of the optical glass will rise. In view
of such points, the Gd,0; content is preferably 0 to 12 wtg.
¥,03 i1s an ingredient added when necessary, since it
15 iseffective in improving the refractive index of the optical
glass and improving the chemical durability therecf. 1If the
Y;0scontent exceeds 15wt%, however, theeffect of suppressing
the devitrification will decrease. Also, the melting
temperature of the optical glass will rise. In view of such
20 points, the Y,0: content is preferably 0 to 12 wth.
Tay03 is an ingredient added when necessary, since it
is effective in improving the refractive index of the optical
glass and improving the chemical durability thereof. 1If the
Ta,0s content exceeds 10 wt%, however, the effect of

25 suppressing the devitrification will decrease. Also, the

melting temperature of the optical glass will rise. In view
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more preferably 0 to 6 w% ZrQ2 is an ingredient added when necessany, AUGSZUUH
since it 1is effective in inproving the refractive index of the optical

gl ass and inproving the chem cal durability thereof. |f timyl-Zr@®4-<comt ent
exceeds 9.5 m % however, the effect of suppressing the devitrification

wi |l decrease. Also, the nelting tenperature of the optical glass wll
rise. In view of such points, the ZrQ2 content is preferably 0 to 8 wt%
10 nore preferably O to 5 wt% 15 As203 is an ingredi ent added when
necessary, si®teuah podngkt ethe VRa-8s @ouledman g ecfeaadriat Or told vitde, As203
content exceeds 1 W% it will remarkably |ower the ultraviolet

transmi ssi vi t§exd Rirfomblaald gdlass wiSn203 is an ingredi ent added when
necessary, since it is effective as a defoam ng accelerator. If the Sh203
content exceeds 0.53Cat 96 an widhediemdr kaleyl Wbeernebessatyaviiohed it
transmssivity of the optical glass. Since the Sb2038 conponent remarkably

| owers the ult¥&¥fereivedansmpeeying fheorofradiel vptindak off 8bs apteiralt a
very spall amount, the Sb203 content is preferably O to 0.3 wt%
Preferably, tHeSpePeadimrfiordadthe kdepicadndurabeht tyhezentai nd fitte
above-nmentioned constituents in the following conposition ratio. Nanely,

it preferabl VnpPREE8taes5e@8fp8srt MR+ i ROFEVRE s ofthfeiegiecitarifo wit hin
the range of 0 to 14.8 \A%%gf Si02, 30 to 60 W % of B203, 5 to 17.5 wm % 12
1 9 AUG 2003 FHRPESSTo0AADGhe devitrification will decrease. Also, the

melting temperature of the optical glass will rise. In view
of such points, the ZrO, content is preferably 0 to 8 wts,

10 more preferably 0 to 5 wt%.

As;03 is an ingredient added when necessary, since it
iseffectiveas adefoamingaccelerator. If theAs;0;content
exceeds 1 wt%, it will remarkably lower the ultraviolet
transmissivity of the optical glass.

15 Sb20; is an ingredient added when necessary, since it
iseffective as a defoaming accelerator. If the $b,0;content
exceeds 0.5 wt%, it will remarkably lower the ultraviolet
transmissivity of the optical glass. Since the Sb;0;
component remarkably lowers the ultravioclet transmissivity

20 of the optical glass even at a very small amount, the Sb,0;
content is preferably 0 to 0.3 wt%.

Preferably, the optical glass of the present invention
contains the above-mentioned constituents in the following
composition ratio. Namely, it preferably comprises a

25 composition in terms of weight ratio within the range of

0 to 14.8 wt% of Si0;, 30 to 60 wt% of B,0s3, 5 to 17.5 wth

T 12



of A1203, 0 to 0.4 w%of Li20, 0 to 5w %of Na,O O to 1 wt % of Jkdlp 200
where X,0 (Li,O+ Na,O+ K20) is Otolw% 0O to5 w%of MJO 0 to 30
wt%of CaO 0 to 30 w%of SrO, O to 35 wt% of BaO, wherBPRO¢RBO-¥0Ca0 +
SrO+ BaO) is 85to0 26 % 3 to 16 % of ZnO 0O to 6.5 wt%of La,03r O
to 15 wt % of Gd203, 0 to 15 wt % of Y203, O to 10 wt % of Ta2G3, O to 9.5
wt% of Zr02, 0 to 1 w% of As203i and O to 0.5 wt% of Sb203. The opti cal

gl ass conprisi?g fuch a conposition _has an 80%transm ssi on wavel ength (at
a thickness ofr1® 2/ nfh FAcPuli HE3n8frbi1Qctd &9 1S08dp of JeoOnnPokoshort er
and exhibits Egsu erior i-line transmssivity. Wthout being restricted in
particul ar, tHe°optiftdl: “Gedss %P thézQrieddf rn¥edl i b ©afc bk wWahuf@ct ur ed

by a convent%onﬁl gpnu acturing nethod.gFor exanpl e, the 15 optical gl ass
of the present®inv&htidh &P bR randf atttirel CaRr P et P wahw ActERi ng

cul 1ot gl ase0T R £5° 7P ke Btk et 205 e sRai AgSsoeh BOLobH hgo
Step of heat - F§ 648 1Tt Ho t§1 486 bi REGagt a8e=Buf 4o Ctht 1 LasPep b1 eutt1 ng
o DL (rom s eac eal et dlass Lo . ® QAR TR Mo,
e oD RDR 0l g, 2% OB o R b E R SRR e 4
i( ﬁggglsle;![ gng%%e%%fﬂﬁég TgilzéoGg,Z)QQ%aﬂclohjﬂls@,e):oﬁﬁgiQ?n&sggcﬁxgegémggsrition
has an 80% transmission wavelength (at a thickness of 10
10 mm including no reflection loss) of 300 nm or shorter and
exhibits a superior i-line transmissivity.
Without being restricted in particular, the optical
glass of the present invention can be manufactured by a
conventional manufacturing method. For example, the
15 optical glass of the present invention can be manufactured
by a normal manufacturing method mainly comprising a melting
step of melting a glass material, glass cullet, glass frit,
orthelike; aglassbulk shapingstepof cooling, solidifying,
and shaping the melted glass; a glass bulk heat treatment
20 step of heat-treating the glass bulk; a glass bulk cutting
step of cutting a glass from the heat-treated glass bulk;
and a glass member heat treatment step of heat-treating thus
cut glass.
As formaterials of the individual constituents of the
25 optical glass inaccordance with the present invention, those

represented by the same chemical formulae (compositional
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A1203, Li20, Na20, K20, MgO, CaO, SrO, and BaO For B2C3, H3BO3 caE P}E
used. For A1203, Al (OH) 3 can be used. For Li20 Li2C33 or LiNO3 anAlel003
used. For Na20O, Na2CO3 or NaNOG3 can be used. 5 For K20, K2CO3 or KNO3 can
be used. For MgO MCO3 can be wused. For CaO CaCO3 can be used. For SrQ
Src3 can be used. For BaO BaCO3 or. Ba (003) 2 can be used. Fig. 1 shows
a schematic diagram of an exanple of the projection exposure apparatus of
the present invention. In 10 Fig. 1, a direction parallel to the optical

axis of a proercti]?n F;%osure apparatus 70 is taken as Z direction, a
direction pefBelaTetl 420 e rE e ureREticdninerrAAents phber thar Bges, i s
taken as Y di ian, .a directi on perpendicular to the paper surface
and Z direct i%ﬁﬁ%?ﬁ@éﬁg‘%@' k@ﬁ"r Y90, h20/ 5 0phangd i @ct iEOT Bx@rosHERO,
appar at us shown 'bn FieqCh % I S_ai nIHX constituted by an exposure |ight
source 10, ‘a T PEIEER  SPretafior b Pfat 1 €70 ks hgeAal Fende,20anLi,CO;
I um nationoqc%pﬁ_hg%l system 20 for_irradiating the reticle Rwith |ight
outputted fr éﬁ)%'é uppght EtiMiae01oNa:G prolales siarebeopsiedal

system 70 for, proj ectj onto_a wafer (photosensitive substrate) Wa
patte[gn irraggop_u?éﬁﬁttgg&fi‘r &h 3r EFPC?’@ RsedandFar MePgnHeROssgsneme22 for

L ! ti th f "th t t h th .
A 'so, a1 eadted;’ L6t BB, deta, PEnlR StedCorkian BaDy rir Gomeen Pamaeton. 25

Al'so, at |east a part ‘ _ ; . : .
oLy oo LSBT ReoPEPhER) S PRRERRO IR B M hh Boehoe . SBbicah
- Fig. 1 shows a schematic diagram of an example of the
projection exposure appar_atu-s of time present invention. 1In
10 Fig.l,adirectionparalleltotheoﬁticalaxisofaprojecti&n'
exposure apparatus 70 is.taken as Z direction, a direction
perpendicular to the 2 direction within the paper surface
is taken as Y direction, and a direction perpendicular to
the paper surface and 2 direction is taken as X direction.
}5 The projection exposure apparatus shown in Fig. 1 is
mainly constituted by an exposure light source 10, a reticle
'R formed with a pattern original image, an illumination
optical system 20 for irradiating the reticle R with light
outputted from the eiposure light source 10, the proje;:t_:ion
20 optical system 70 for projectingonto awafer (photosensitive
substrate) W a pattern image outputted from the reticle R,
and an aligmqent system 22 for positioning the reticle R
' and the wafer W with réspect to each other. Also, at least
a part of optical glasses constituting ﬁhe irradiation:

25 Optical system 20, optical glasses constitﬁting the

‘Projection optical system 70, and the reticle R is made of
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the optical glass of the present invention. ThewaferWisnountedona | evelin
stage (not depicted) whereas the leveling stage is installed on a z13

82 which can mnutely be noved by a driving notor 86 in gpElL-optdgLabo5 axi s
direction (Z direction) of the projection optical system 70. The Z stage
82 is mounted on an XY stage 84 which can be noved by a driving notor 88
in two-dinmensional (XY) directions in a step-and-repeat fashion. The
reticle Ris nounted on a reticle stage 30 which is two-dinensionally 10
nmovabl e wi t hi bha dwricahtalasd ane. tiBy waye dnt himvddtidmati on  opti cal
system 20, the exposure light fromthe exposure light source 10 uniformy
illum nates the pditheswaléoinedndumtddonretawd e iRy sthee ghy tadqraidtesd) | mage
of the reticle Ris exposed and transferred to a shot area of the wafer W
by the projecthoneds tbptleatl Sysisemge0l s Asistthd lexpos w B dtagd 82otei dtavi ng a
wavel ength of 436 nm (g-line), 365 nm(i-line), or the |ike can be used.
After the pattar migfutteley bet movedRpy sa clriptiete g texpésetin anel dptainsd err ed
to one _shot area on the wafer W the XY stage 20 is noved in a stepping
manner osuch t#%is dheeabkensiioli zeehiof) Phdcheaper] s todmoptdsali 2 vs tdm
exposure area_ of the projection optical system 70. The two-di nensional
position of the T&geki Afageade bh Neiinted ins waf 8¥ wWagenddrwkich scaml ways
moni tored at a resolution of about 0.01 pm for exanple, 25 as its distance
fromthe a novAIIYVEH Mbra SHeliFiaw e idie 89 evel twrr dimrps ienakati¥ked by a

| aser int erfe(;,orret er (naot 15 1 9 AUG 21 O3 FP0O1-0004-00 B )
lrections in a step-and-repeat fashion. The reticle R is

mounted on a reticle stage 30 which is two-dimensionally
10 movablewithinahorizontalplane. Bywayoftheillumination
optical system 20, the exposure light from the exposure light
source 10 uniformly illuminates the pattern formed in the
reticleR, whereby a pattern image of the reticleR is exposed
and transferred to a shc;t area of the wafer Wby the projection
15 optical system 70. As the exposure light, one having a
wavelength of 436 nm {(g-line), 365 nm (i-line), or the like
can be used.
After thepatternof thereticleRiscompletelyexposed
and transferred to one shot area on the wafer W, the XY stage
20 is moved in a stepping manner such that the next shot area
of the wafer W coincides with the exposure area of the
projection optical system 70. The two-dimensional position
of the leveling stage on which the wafer W is mounted is
alwaysmonitoredataresolutionof about 0.01 um, for example,
25 as its distance from the a movable mirror secured to the

leveling stage is measured by a laser interferometer (not
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depi et ed), whereas the output of the |aser interferometer is supplié@ Altb 2403
stage control system50. On the reticle stage 30, the reticle Ris
positioned such that the center of the transfer pattern DROXI-heco&£tdele 5

R coincides with the optical axis AX of the projection optical system 70.
The positioning of the reticle Ris carried out by use of a plurality of
reticle alignment nmarks (reticle marks) disposed near the outer periphery

of the reticle R Two kinds of reticle marks, i.e., those for positioning
in 10 X directd¢tphched) t hiserday thesiovitppitngfi hhy Hasectirrer fewongtewi ded.
The alignnment system 22 uses, as illumnation Ilight (alignnent light), a

branched parti®sfsgprlesposure staghtcirionel hevekeostPe |ight source 10. One
al i gnment system 22 is-disposed at the position of each reticle alignnent
15 mark. The il um@mtbihenretght et $bagai 3¢ edhehreldislehB 1 Ipasd thenemn
optical system 20 is nmade incident on a reticle mark disposed outside the
pattern area %ck Hdatethel eemeer e thet Fepes faF od st agnon theetebiche
rectangul ar transparent 20 wi ndow formed at an opaque part surrounding the
pattern, forRéﬁéﬁﬁPéESTﬁéfﬁFh@ﬁ@éﬁpaﬂifg‘ms%quegmé@r@yepﬁéomnu@al mar k
part reenters the alignnment system22. On the other_  hand, bywayof the

proj ection optY¥EFM st e oot et arigmnthe rghictedhdsi FREELIEAI QAN t he
reticle mark jis nade:énci?ent 25 on_a subsﬁratf,ali nment mark (wafer mark)
di sposed aboutY WtHPTsRoPLArea1by PherGafele Vel FARMTRE dFamis K Frly!

di sposed 16 %ngré%¥3&¥¥%%ggD %E%goéﬁgqouter periphery of the reticle R.

Two kinds of reticle marks, i.e., those for positioning in
10 X direction and those for positioning in Y direction, are
provided. The alignment system 22 uses, as illumination
light (alignment light), a branched part of the exposure
light fromthe exposure light source10. Onealignment system
22 is -disposed at the position of each reticle alignment
15 mark.
The illumination light transmitted through the
illumination optical system 20 is made incident on a reticle
mark disposed outside the pattern area of the reticle R.
The reticle mark is constituted by a rectangular transparent
20 window formed at an opaque part surrounding the pattern,
for example. The alignment light reflected by the reticle
mark part reenters the alignment system 22. On the other
hand, bywayof theprojectionoptical system70, thealignment
light transmitted through the reticle mark is made incident
25 on a substrate alignment mark {(wafer mark) disposed about

each shot area on thewafer W. The wafer markmaybe disposed
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at a predeterm ned position of the wafer, e.g., an outer peripheral %ﬁ
of the wafer alone, instead of being disposed about each shot area. Two

ki nds of wafer marks, i . e . , those for positioning i nfFXOU+eeoct+on and
those for positioning 5 in Y direction, are provided so as to correspond to
the reticle marks as well. The reflection light fromthe wafer marks

takes a path which is a reversal of that for the incident |ight, so as

pass through the projection optical system70 and reticle mark part,
t her eby reent 8fi agPtédebeighmedtrod Dt syt e R2e Walisy, as.gef | aot consrof
alignnent light fromthe reticle R and wafer Ware inputted, the alignnment
system 22 det Be¥srhepphiirea pobsheivarfenhlohe, rigtstelas ®F fed ngad Espd adt h
respect to each other. The output of the alignment system22 is 15
suppl i ed to a2Rarh ekt st Arsaem 890 Hirdowipwafefr ndrkswmiine .cobbhose
system 60 is supplied to a reticle exchange system 40 and the stage
control syst eRP50ROGhEt@BINGpht i hldposttiognsandfthhee réey cpes R dodinaf er W
W th rﬁspect to_each other are adjusted. As a result, the overlay accuracy
bet weerl t he 287 ptAI&G By ndle PROFAER STl S PP R IRRNGEL dhaN ahdcl te
pattern image of the reticle Rto be subsequently exposed and transferred
can be kept aP2EKHiZh el . TrBerPELBREASP hagh5p¥rela| thgsyaheumapks y
iIlum nates, %% a slit fashion, , the reticle Ras an object to be
i |1uminat ed. TRESHrojRadth SRisH dst AcapveysednPfothatdfsposkel eeikent a
surface Pl of tqg reticle R aFd a surface P2 of the wafer W 17 1 9 AUG
o -y

2003 Thus, the'{7ansii 88i BRES SR EFTRE YOG ePEL6RL SyStem 70

and reticle mark part, thereby reentering the alignment
10 system 22.
Thus, asreflectionsofalignment 1light fromthe reticle
R and wafer W are inputted, the alignment system 22 detects
relative positions of the reticle R and wafer W with respect
to each other. The output of the alignment system 22 is
15 supplied to a main control system 60. The output of the main
control system 60 is supplied to a reticle exchange system
40 and the stage control system 50, whereby spatial positions
of the reticle R and wafer W with respect to each other are
adjusted. As a result, the overlay accuracy between the
20 pattern formed in each shot area on the wafer W and the pattern
image of the reticle R to be subsequently exposed and
transferred can be kept at a high level. The illuminating
optical system uniformly illuminates, in a slit fashion,
the reticle R as an object tobe illuminated. The projection
25 optical system 70 is disposed between a surface Pl of the

reticle R and a surface P2 of the wafer W.
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optical system 70, illum nation optical system 20, and reticle R 19 AUG 203
copstituted by optical glass nenbers of the present invention are

provi ded, whereby a projection exposure 5 apparatus having-‘a high

resol ution can be obtained. |In the follow ng, the present i nvention will

be" explained in detail with reference to exanples, which do not limt the
present invention. Anong the materials for individual constituents in the
optical glasses of the 10 exanples shown in the foll ow ng, those expressed

Mot odi ont's ot her C?Es%%%?%%ﬁ%@?g%&%b‘%@fa%%%awﬁgéﬁf’s%&oaﬁe
secd a5 the mobErrar Sarel 407 L ofRdReFsfleridert St dhr eendl For
ueed as its. %?é???‘??#ﬁﬁ%%@%ﬂ%}% RRe rd REPIRSeRE
s the materi 4 Fofgﬁo%fgﬁ%ﬁéﬁg%%é %r%§5f?hb§foaec’§aowe,eé<p&2§'§%!’af o
Cororising t Wc%rrpom ti on of :g?&dg‘gﬁ?98£ 83' cg aﬁl‘ﬁb%’é?t g ﬁuf raftgtou?)ed

.conprising the

according to the T ol GG NQRE %{?re £ndigsl eﬁ@euﬁgggbggdgzgéagwms of

materials corresponding to the i ent’s’ sh

introduced i Rixplaisidd Gt cddted il &i N d ASPen 1%%8%} @@3903% PRL-{004-00

were nelted under the condition of 1150C to
: not limit the present invention. Among the materlals for

indiv_idual constituents in the oi:tiéal glasses of the
10 examples shown in the following, those eXpressed by the same
chemical formulae (compositional formulae) were'used for
the ingredients other than B;0s, Al;o:_-},. Li,0, Nay0, K0, MgoO,
Cab, Sr0O, and BaO. For B20;3, Haboa was used as the material.
For Alz0;, Al (OH)3 was used as the material. For Li.O, Li,CO,
15 was used as the material. For Na,0, Na,CO; was used as the
material. For K;O0, both K2CO3; and KNO; were used as its
‘ma‘terials in each example. For MgoO, Mgcda was used as the
material. For Cap, CaCOiswas used as the material. For Sro,
SrCOywas usedas theméter.;ia-l . ForBaO, bothBaCo0; and Ba (No, ),.
20 “were used as its materlals in each example.
Exam Ele 1
The optical glass (test piece; 100 g) comprising the
composition of ingredients shown in Table 1 was manufactured
according to the following procedure. . Fifst, the kinds and
25 amounts of materials corresponding to the ingredients shéwn

in Table 1 were introduced into a silica crucible, and then
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at nosphere while being m xed sufficiently. Subsequently, the conte ti L“?
tthe silica crucible were transferred into a platinumcrucible, and't 8 2003
were refined for 15 mnutes 5 under the condition of 115FQb-ABDYPLOON the
at nosphere so as to elimnate bubbles within the contents. Then, the
contents within the platinumcrucible were stirred so as to be

honogeni zed. Subsequently, the contents within the platinumcrucible were
cast into a die which had been adjusted 10 to a tenperature of 500C

bef or ehand, avier swied tashealded. th¥heerdi tien ahd lhindalted1dPass mastleit and
ground, whereb the test piece was obtained by 100 g. Exanples 2 to 11 A
test piece (190nggPhgreath lspbiedal ylasd swEfisiaphiyactimsequenthky sanme
manner as Exanple 1 except that the kinds and anounts of use of i ndividual
mat eri al s wer&he Gt sdragheosaliarncruesikbe reepontl ans tonpadi inton of

i ngredi ents shown in Table 1 or 2. Evaluation Test of Optical dass 20
Accor di ng to @3 igum gracibyisas andn§h ket Hedef befimedr Bex i e niTdese of
Cpticak G ass, " the refractive index égd) and_Abbe nunber (vd) of each
opticaP gl assUiFBERIcesditiog o WPl Rehut 880 Al kb, theatmssnheie gl ass
of Exanples 1 to 11 was Processed into a thickness of 10 mqétfthe spectr al
25 transni ssi¥ BF 6P 8atRibpEE RHPRASE YA ithE GarhgnEs - rer¢Rctilm | oss
was neasured according tq J S 17-1982 19 1 9 AU6 2003 FPO1-0004-00
b g ST Aot ber A i o K TR STiTTeq S0 a5

to be homogenized. Subsequently, the contents within the
platinumcrucible were cast into adie which hadbeen adjusted

10 to a temperature of 500°C beforehand, and were annealed.
Thereafter, the annealed glass was cut and ground, whereby
the test piece was obtained by 100 g.

Examples 2 to 11

A test piece (100 g) of each optical glass was
15 manufactured in the same manner as Example 1 except that
the kinds and amounts of use of individual materials were
changed so as to attain its corresponding composition of
ingredients shown in Table 1 or 2.

Evaluation Test of Optical Glass

20 According to JOGIS 01-1975 ™ Measuring Method for
Refractive Index of Optical Glass,” the refractive index
{nd) and Abbe number (vd)} of each optical glass in Examples
1l to 11 were measured., Also, each optical glass of Examples
1 to 11 was processed into a thickness of 10 mm, the spectral

25 transmissivity of each optical glass when including no

reflection loss was measured according to JOGIS 17-1982
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d ass, " and the wavelength (nm) of irradiation light at the tine \A,hehgtlmazngg
resulting spectral transm ssivity was 80% was neasured. These results are
shown in Tables 1 and 2. 5 TABLE | Exanpl el Exanpl e2ExanplF&@3ExdiffldedExanpl e5

Si 02(wt % 5.010.014.81.0 B203 (Wt % 44.544.643.139.060.0

1203(W % 9.59.417.5 i2QW% 0.4 azQwm % 2.0 K20(W% 3.0 go(W%5.0
aO(W2%9.29.0 STOOW % 10.08.0 BaO W % 35. 014.714.5 ZnOQ( W % 5. 920. 010. 7

a203(m %9 6.5 ,%SS%W.O@ 15.08.5 203(wt % 6.015.02.4 a205 (wt %9 Zro2(w %

5203 (Wt %0 e ero Ior drdierpddt Tiaremidtecasl 0F. GFIT.@l00. 0
20( W % 0. 09. 50, 49. 419. W 99.35.023.915. 023.68.0 Ml ar ratio of A1203
0. ((3006? 1460. .Srg'zllé?‘%oR%( Wa"é()length (nm) of irradiation light at the

time when the resulting spectral transmissivity was 80% was

measured. These results are shown in Tables 1 and 2.
TABLE 1

Examplel|ExampleZ|Example3|Exampled|Example5
Sio, (Wt %) 5.0 10.0 14.8 1.0
B.O3; (Wt %) 44.5 44.6 43,1 39.0 60.0
A1,0,(wWt%) 5.5 - 9.4 17.5
Li. 0 (wt %) 0.4
Na,o (Wt %) 2.0
K0 (wt %) 3.0
pMgo (wt %) 5.0
cao(wt %) 9.2 9.0
sro(wt %) 10.0 8.0
Bao (wt %) 35.0 14.7 14.5
Zno (Wt %) 5.9 20.0 10.7
La,0: (W1 %) 6.5
Gd,0; (W1 %) 15.0 8.5
Y03 (Wt %) 6.0 15.0 2.4
Ta,05 (Wt %)
Zro, (Wt %)
As,0; (W1t %) 0.1 0.1
Sb.0:(wt %) 0.5
total (wt %) 100.0| 100.0/ 100.0 100.0 100.0
X0 (wt %) 0.0 9.5 0.4 2.4 19.5
RO{wW1t %) 35.0 23.9 15.0 23.6 8.0
legfofatm °fALO% 4 000l ©0.146 0.000] o0.164 0.100
Refractive index |, <1348 1.59378/1.64699| 1.59362 1.52796
(nd)
Abbe No. (vd) 60.8 60.0 56.4 59.5 59.2
Melting temp. (°C) 1250 1300 1200 1300 1250
323211:22;?1115?;;;] 312 292 330 251 326
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to B203 Refractive index 1.613481.593781.646991.593621.52796 (rid) Aol Al 200)
('V d) 60. 860. 056. 459.559.2 Melting tenp. (C)12501300120013001250

80% ransm ssi on 312292330251326 ,wavel ength (rin) 20 1 9 FARJG-Z00B4-00
FPO1--0004-00 TABLE 2 5 Exanpl e6Exanpl e?Exanpl e8Exanpl e9Exanpl el0Exanpl el |

Si 02(W 9% 5.014.59. 014. 312. 4 $203 (Wt 9% 47.530. 045.040.350.541 . 8 1,03 (w

t 9912.01.09.514.69.4 i20wm % a20(W% 3.0 20(W % 3.0 go(w % 1. 00.5

aQ(wm 998.430.08.7. 7.69.1 SrOQ W% 30.0 BaQ(wt %9 14. 34. 014. 713.814. 6

znO(wt % 6. 85.97. 78.3 a203(W% 3.5 d203(W % 5.5 z03 (Wt 9%5.95.95.84.2

TABLE 2

Example6 |Example? |Example8 |Exampled |ExamplelO(Examplel]
Sio, (Wt %) 5.0 14.5 9.0 14.3 12.4
B.0; (Wt %) 47.5 30.0 45.0 40.3 50.5 41.8
A1,0: (Wt %) 12.0 1.0 9.5 14. ¢ 9.4
Li0(wt %)
Nz,0 (Wt %) 3.0
K0 (wt%) 3.0
MgO (Wt %) 1.0 0.5
cCac({wt %) 8.4 30.0 8.7 7.6 9.1
Ssro(wt %) 30.0
BaO (Wt %) 14.3 4.0 14.7 13.8 14.6
Zno (Wt %) 6.8 5.9 7.7 8.3
La,0; (Wt %) 3.5
Gd,0; (Wt %) 5.5
Y,0; (Wt %) 5.9 5.9 5.8 4.2
Ta0s (Wt %) 10.0
Zr0, (Wt %) 9.5
5:0; (Wt %) 0.1 1.0 0.1 0.1 0.1
Sba0; (Wt %)
Total (Wt %) 100.0 100.0f 100.0| 100.0 100.0 100.0
X0 (Wt %) 12.0 1.0 3.0 9.5 14.6 9.4
RO (W t %) 22.6 35.0 30.0 23.9 21.4 23.7
i‘izlcirtza;;; of 0.173] o0.011] ©.000 0.081 0.197 0.154
Refractive index
(na) 1.59270| 1.64983| 1.61123 1.59330] 1.59163] 1.59370
Abbe No. {vd) 59.5 55.0 58.1 60.0 59.0 59.7
Melting temp. (*C) 1250 1300 1250 1300 1200 1250
323}322?&55{;2;‘ 272 327 330 287 252 271

Industrial Applicability
5 As explained in the foregoing, the present invention
can provide an optical glass having a refractive index (nd)

of 1.52 to 1.65, an Abbe number (vd) of 55 to 61, and an
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0205 (Wt 910.0 Zr02 (wt 9%9.5 s203(wt % 0.11.00.10.10.1 Sb203 (w t} QAUL 7033
Total (wt 9% 100.0100.0100.0100. 0100. 0100.0 20(wt % 12. 01. 03.09.514.69.4
RO(Wt 9% 22.635.030.023.921.423.7 Mol ar ratio of 1203 toFB2D-0004-00.
0.1730.0110. 0000. 0810. 1970. 154 3 Refractive i ndex

1.592701. 649831. 611231. 593301. 591631. 59370 (nd) Abbe No.

(1id)59.555.058. 160.059.059.7 Melting tenp. (C)125013001250130012001250
80% r ansmi ssi on_2723273302B7252. 271 wavel ength (run) |ndustri al

Appl i cabi | i t y? A% LERPFRLAEd ORI AV hGitdy b g Chilsknssssehi Oimmviemt L edingan
provide an optical_glass having a _refractive index (nd) of 1.52 to 1.65,
an Abbe numbefC (FSIHETFIBS 1955319fa%%0dﬁn231r FhorABs antagxEHPit 9064200 80%
transm ssi on vvav%ilen th (at a thickness of 10mmincluding no reflection

| oss) of 330 Tf for (28GR kbRt Hgy aran excellent

devitrification-suppressingeffect, andanexcellent i-line
5 transmissivity; and a projection exposure apparatus using

the same, which can attain a high resolution.
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excel | ent chem cal durability, an excellent devitrificati on-suppres?i nﬂ.l
éffect, and an excellent i-line 5 transmissivity; and a projection! 3 AUG 2003
exposure apparatus using the sane, which can attain a high resolution. 22
1 9 AUG 2003 CLAIMS 1. An optical glass conprising a conposition in terns
of weight ratio within the range of: 0 to 14.B wt% of Si02, 30 to 60 Wt %
of B203, 0 to 17.5 wt%of A1203, wheC&MIME nolar ratio of A1203 to B203 is
smal | er than 0,20, %, af L|20 0,to 3 wt% of Na2O, O to 3 wt % of
K20, 0 to 5 Wi of %K}g%pqd%‘ﬂt 155 S\Pr&ﬁb“g 8 FOMBESHIPH: ig Berms o 35

Wt % of Ba@f weditROaE Ot t6aR th§r %ft Baly.is 8 to 35 w% 0 to 20 wt%
Of ZnO, 0 to 6.5 wt % of La203i 0Oto 15 W % of G&d203, 0Oto 15 W% O Y203,
0 to 10 wt % of 0T5903|4 8owtd 9f5SW0% of Zr02, 0 to 1 wt % of As208, and

30 to 60 wt% of B0,
0 to 17.5 wt% of Al,0;,

where the molar ratio of Al;03 to B2;03 is smaller than
0.20,

to 0.4 wt% of Li,O0,
to 3 wt% of Nas0,
to 3 wt% of K0,

to 5 wt% of MqO,
to 9.2 wt% of CaoO,
to 30 wt% of Sro,

o O O o o O O

to 35 wt% of Bao,

where RO (MgO + CaQ + SrO + BaO) is 8 to 35 wt%,
to 20 wt% of ZnO,

to 6.5 wt% of Laj0s,,

to 15 wt% of Gd;0;,

to 15 wt% of Y.0;,

0

0

0

o

0 to 10 wt% of Tay03,
0 to 9.5 wt% of Zro,,

0 to 1 wt% of As,0,, and

0 to 0.5 wt% of Shy0.; and

having a refractive index (nd) of 1.52 to 1.65, an Abbe
number (vd) of 55 to 61, and an 80% transmission wavelength

(at a thickness of 10 mm including no reflection loss) of

330 nm or shorter.

2, An optical glass according to claim 1, comprising a
composition in terms of weight ratio within the range of:
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0 to 0.5 wt%of Sb203; and having a refractive index (nd) of 1.52 to 19@@52003
d@n Abbe nunber (vd) of 55 to 61, and an 80% transm ssi on wavel ength

t hi ckness of 10 mmincluding no reflection | oss) of 330 nm or shorter 2.

An optical glass according to claim1l, conprising a conposition in terns

of weight ratiQ within the range of: 23 1 9 AUG 2003 0 to 14.8 wt % of Si 02,
30 10 80 wt % of BO0HH-& b 1<=rf§Wz%of A1203, 0 to 0.4 wt%of Li20, O to

5 w % of NaZ20, @ §%%g,t/ l%% where X20 (Li20 + Na20 + K20) is O to 1
w% O0to5 wm% % 'w%of CaO, 0 to 30 w%of SrO 0 to 35

wt % of BaO,  wher o RO ( $/bid 3 @Qf(ﬁr0+ BaO) is 8 to 26 % 3 to 16 %
of ZnO, 0 to 6.5 wt % of La203, § fo 15 wt %of GJ203 r O to 15 wt % of
Y203, O to 109We90 ©f4 Te2D3Hf Wik 9.5 W% of Zr02, 0 to 1 w % of As203,
and 0 to 0.5 WB(V%ofSS&:ZgBOf al@gzo
0 to 1 wt% of K,0,
where X;0 (Liz0 + Naz0O + K0) is 0 to 1 wt3,
0 to 5 wt% of MgoO,
0 to 9.2 wt% of cao,
0 to 30 wt% of Sro,
0 to 35 wt% of BaO,
where RO (MgO + CaQ + SrO + BaO) is 8 to 26 wt%,
to 16 wt% of ZnoO,
to 6.5 wt% of Lay0s,
to 15 wt% of Gduy0s;,
to 15 wt% of Y,0i,
to 10 wt% of Tas0,,
to 9.5 wt% of Zro,,

to 1 wt% of As;03, and

c O o o o o o Ww

to 0.5 wt¥ of Sby03; and
having an 80% transmission wavelength (at a thickness of 10

mm including no reflection loss) of 300 nm or shorter.

3. A projection exposure apparatus comprising an
exposure light source, a reticle formed with a pattern
original image, an irradiation optical gystem for
irradiating said reticle with light outputted from said
exposure light source, a projection optical system for
projecting onto a photosensitive substrate a pattern image

outputted from said reticle, and an alignment system Ffor
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havi ng an 80% transm ssion wavel ength (at a thickness of 10 nmmi ncl ddi Néﬁ fillik
no reflection |l oss) of 300 nmor shorter. 3. A projection exposure

apparatus conprising an exposure |light source, a reticle forned with a
pattern original image, an irradiation optical systemfor irradiating

said reticle with Iight outputted fromsaid exposure |ight source, a

proj ecti orPoépﬂillQatmsyﬁaam foetiplo] anti nGient phet PHeh osENee t ishPstdatlrate a
pattern |na%% out Eutted fromsaid reticle, and an alignnment systemfor 24

1 9 AUG 2003"p8SEPFGRI RE §§F]él ¢&ReEl e and sai d photosensitive substrate

W th respect tghg gh,ot of optical glasses

constituting sal i rragl ati \gﬁeégi’?’ﬁ gyé’?%?nca Bﬁéélseél §o8eLituting

constit ut isaddsai di gfeieatidan Opéqaﬁﬁéaﬁys'f%%t%&d sai e {£4] C! edl%s@%%e of
the optical glass according to claim1l

constituting said projection optical system, and said

reticle is made of the optical glass according to claim 1.
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