18 July 2005 1 WDM OPTI CAL FI LTER AND GLASS SUBSTRATE FOR USE I N THE DM
OPTI CAL FILTER Background of the Invention: This invention 18elut2095t 0 an
optical filter used in a field if optical comunication to select a |ight
beam of a specific wavelength fromnultiple wavel ength |ight conponents.
This invention also relates to a glass substrate for the above-nentioned
optical filter. In particular, thislinvention relates to a WDM (wavel ength
di vi sion mul tipl e FGal e i 3 ol i so relates to a
gl ass substrate fﬁ?ﬁggg@ﬁﬁtgﬁéEﬂggﬁkégFD}?FggﬁEﬁﬁagt (wavel engt h
di vi si on nul ti pl exi ngOR AIFRIIN GHE SVWDVCOPMIQIAAFIIONERI S carried out by
conbi ning |ight beans havi ng wavel engths slightly different from one
another into a conbined |ight beam and, inversely, by splitting or
dermul tiplexing the conbined Iight beamto selectively derive a specific
wavel ength |ight beamfromthe conbined Iight beam Herein, it is to be

B i s el Imentfdnt t er used for |ight conbination and separation
has been called a WOM (Wavel ength Division Miultiplexing) optical filter.
As such a WM optical filter, there are known WDM optical filters
descri bed i Thid BrvAntid®r32982ba HRicaDfiRraRdRSE Fitlad 038l BRARRSR aBEXAN ned
Patent Publication No. H10-339825) and JP-A H10-512975 (being al so
descr i 5&¢t adighh baraod a spseitisnvaietenpt Bom Pulbiplec wevdengto lightl 0o1B108) . Each
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| i ke frtimdart hies daventiSuclelaes ohi el WEM i(Wamb:hg'thadAefsiofni hlmtipﬁe,}@lﬁ)@r@hicgl as a
band- pass Hjlter BPF Qy iving a functign which transmts a particular
wavel h TisgRYeYeR RSOy e\ﬁfﬁSé%a BFy %@ﬁ%ﬂfﬁﬁéﬂﬁam pediopticgldilsrengt h 1 ght
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deposited is forned by a glass . material, such as silica.

| n t hes reareahoutdyy fembigingebgrit bepms dpoingedatdhatgths slightle diffedeatfrofi bteer of
the ty a.center vel th in a,pass bangd is. drifted due . to.varjation in
terrper%alztltghhreé.“miot(“‘icgm\fa?wlfl eg ﬁ@%ol?efagﬂ apdh VERRIR g@nﬁ?@%&’&% ’i“i“ﬁfpt]‘a‘é%ﬁfé?s upon a

combined light beam to selectively derive a specific wavelength light beam from the

combined light beam. Herein, it is to be noted that the optical filter used for light
combination and separation has been called a WDM (Wavelength Division Multiplexing)
optical filter. As such a WDM optical filter, ther¢ are known WDM optical filters
described in JP-A H10-339825 (beipg also described as Japanese Unexamined Patent
Publication No. H10-339825) and JP-A H10-512975 (being also described as Japanese
Unexamined Patent Publication No. H10-5129735).

Each of the optical filters described in these publications comprises a glass substrate
with a dielectric multilayer film of SiO,, TiO,, Ta;Os, or the like formed thereon. Such a
dielectric multilayer film is operable as a band-pass filter (BPF) by giving a function which
transmits a particular wavelength light beam or which reflects the particular wavelength
light beam. As a rule, the substrate on which the dielectric multilayer film is deposited is

formed by a glass



t hermal expansi on coefficient of each of the glass substrate and the
dielectric multilayer film (Haruo Takahashi, Applied Optics18\aly.2084[ 41,
pp. 667-675, 1995). In the above-referenced article, description is nmade
about the fact that a center wavel ength within the pass band is drifted or
shifted towards a positive direction (nanely, a | onger wavel ength
direction) when the thermal expansion cédefficient of the glass substrate
is smaller than a range determined for thermal properties of the

dielectri i . i fficient. -On th th
o el ect i1 RLLPLGR Suas an expansion coef o ent 0n the ot e
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wavel engt h unfavorably varies f ow ng t ange in operation

t enper at ur eterhpegaats. c Ut gralsd fegdrdapat sasstdnmpdrafure HritsRibeddisughipf 4 ow band
filter, for exanple, in an optical mnultiplexer/denultiplexer used in a

wavel engt h thertrighlexpangion caefitiers iod eath df thayglass subgtrateadndciwndioiectd on,

t he i nfluence beconmes serious because such a narrow band constraint

i nevi t abl y Pdtilayer Wimp(HauankiebastinAnphied Optics:ovVelodf ity nm 667G ERIO%BM a
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appar at uses becone nore expensive. 18 July 20 As descri bed above, the
t enper at ur efatithétmalfpropertieanst tias gidiectkic warslbgagidcicanahidkpbasionne of

factors that obstructs a high density optical comrunication. In addition,
convent i onatogficiecal . Onlthe otherhandi, Fadasmvhgentie thermbbexpeesiomgoeffitient t he
multilayer fromthe gl ass substrate is liable to occur due to a tenperature
variation. SLiPegiRssBubsicateds exeessively inoagtherdithelihe fileneeatesd backgr ound
i nto consider at" on, this invention fbas Pee o
wavelength occurs in a negafive direction rZshorter-waveiength direction). -
[f the drift is undesirably large, a filter characteristic, i.e., a transmission
wavelength unfavorably varies following the change in operation temperature.
“!n particular, if the bandpass filter is used as a narrow band filter, for example, in
an optical muitiplexer/demultiplexer used in a wavelength multiplexing
transmission technique of optical communication, the influence becomes
- serious because such a narrow band constraint inevitably restricts a
transmission density. Following an increase in a degree of wavelength
multiplexing, there arises an increasing demand for an optical filter having a
more stable characteristic over the variation in temperature as well as an opfical
multiplexer/demultiplexer uéing the same. In order to increase a thermal
stability, proposal is made of a technique of controlling the temperature of the
optical filter. However, this technique requires a complicafed _Structure.
L 7 Therefore, the difficulty in assuring a long-term reliability is increased and

- devices and apparaluses become more expensive.



created so as to reduce a tenperature drift at a center wavelength of a

- pass band and to thereby avoid peeling off of the dielectriig Jmyadosayer:

More specifically, it is an object of this invention to provide a novel

gl ass substrate which has a desired thernmal expansion coefficient and a
desired conposition. It is another object of this invention to provide an
optical filter and an optical nultiplexer/denultiplexer both of which has a
high reliability and which can reduce a tenperature drift at a center

wavel ength within a pass band. It is agpther object of this invention to
provi de a nethod of manufacturing gl as whi ch has a thernmal expansion .

coefficient perdd @esdrivk® aboSslDier Rinfef@mbRr tiak dJf Othe Boaapadse pEAID wavelength
mul ti pl exi ng/ dermul tiplexing optical filter. Such glass can be obtai ned by

cont r ol | | FRgSUHeS ARA Pifactess “@b@@?r\‘“ﬂ%a@I%é’@"?ﬁ%ﬁﬁ%?ﬁ@“umﬁ?@@? ding to a first
aspect of this |hRugikbd Q;Bn\l&ﬁtﬁ{a?obtﬁzapf IRYd %%l&d‘@@tﬁ%&%ﬂggrhthg ée?lhé)'aff of the
mul ti pl exi ng (WDM opt'i cal | ter conprising an opti cal rru | ayer coated
on a surfra@lglawframgh%@gss sygﬁatqr iatiable toheccyl duedo s tdyeperattre metng formed from
gl ass which i ncéu” rldfv§t9gfnv I'{tlgg‘ and R20 (where Ris an alkali net aI
el enent) and Sl eavELd ans n ent
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i'ncl udes, as essenti al onponents, Si 0 wher e Is an al net al

el ement) opligay 'Fr?fcazd %fh%P*@gls@ﬁltlvfaw/de@#iyeﬁé@ft '%Pﬂb@f which des niiph eliapityrarsio

mol % i n twhichlcas Gedabe b Grg@dialst dam aﬁé@é’n@eﬁ@vabél@?’#ﬁ withiR 8 pE®d bagpansi on
coefficient to a predeternm ned. value. According to a third aspect of this
invention, t hertteisi moﬂTeO\ob}éetiofathmmeélﬁi&gtth pllowdes b afiethed ot nfinafeiciuging \GRIv)
opti cal fi Icther{ in S}éﬁh_cal mul til %er coated on a surface of a
gl ass suBdY 5“ I %"S?G igieRt pRfnegt sa subsiratspmsteral oA Wayelrpgh

gl ass V\hlnedmlm{gwé@mapaasar@mé&l ififdr. SOEPRRR N ah beIbtined R o MBRR S aiRamdurdn

al kal i rret al _elenment), and Ti 02, the essential conponents being greater

t han eaclf snesilinglasy cantRenete naj ni ng conponents other than the essenti al
conponents so r gg?ﬁ ci ent
to a predeterm %g%r mg% Hﬁ&s}t%g%%g%{;e% iailérﬁei]iﬁﬁ th?gﬁg:?é%ldegé HGW% Hﬂcal
filter combiviexdnggWINgG) aptiea §ltergbeiprigingean optical multilayer coated on a surface of a glass

substrate, the glass substrate being formed from glass which includes SiO,; TiO, and RO

(where R is an atkali metal element) and which has an average linear thermal expansion
coefficient that is determined in relation to the optical multilayer coated on the substrate and that
falls between 100 x 107 /K and 130 x 107/K within a temperature range between -30° G and +70°
C%ccording to a second aspect of this invention, there is provided a wavelength division
multiplexing (WDM) optical filter comprising an optical multilayer coated on a surface of a
glass substrate, the glass substrate being formed from glass which includes, as essential
components, SiO,, RO (where R is an alkali metal element), and TiO,, the essential
components being not smaller than 60 mol% in total so as to adjust an average linear
thermal expansion coefficient to a predetermined value.

According to a third aspect of this invention, there is provided a wavelength division
mulitiplexing (WDM) optical filter comprising an optical multilayer coéted on a surface of a

glass substrate, the glass substrate being

o
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wherein the gl ass substrate may conprise, by nol % Si O238-58% Ti 027-30%
AlAO-12% and R2015-40%in total. In another enbodi ment, theng jogy2008 the
WDM optical filter conprising the glass substrate, wherein the gl ass
substrate may conprise, by nol % as R20, Na20 K20 10-25 % and 4-15% In
yet anot her enbodi nent, there nmay be the WDM optical filter conprising the
glass substrate, wherein the glass substrate nmay conprise, by nol %

-Si 0238-55 % Na2013- 25% K202- 15% Ti O210- 25% AL1A0.5-8% I n yet yet another
enbodi nent, there may be the VDM opti C%J filter conprising the gl ass
substrate, wherein the glass substrate™my conprise at | east one species of
oxi des RiémmalfRet gess WhioNnalugéd Bl «e8dHthISdonipanéits, disalH,0quwhaft R idTBY alkapxi des
and zinc oxide. 18 Jul ){_ 2005 5 In still another enbodi ment, there nmay be

t he VDM dptrlcigment). eed TiQenpdhe e5seqtialisemgprands being gicates thapirackiamountofdhas s
substr at : | % al en.29 Yol YL
anot her g%ﬁ%m%%éd?ﬁt&%&ﬁg@gn&e '% ﬁ%ﬁb\%l\ﬁog%? lFégz% Qﬁ%egd]%gﬁgﬁvg%ﬁef'?eﬁg

gl ass sissmelexeansinheeaticient lee gledetsrninddskiuat e may conprise, as R O, by nol %

MyQ0- 13% CaCo- ]IQ (gﬂgsér%po'dﬁ'g@n ,Qh%é 91% bg ﬂ% \I%Bm)_p{]fc%%ilter comprising the glass substrate,

whe-rein the glass substrate may comprise, by mol%,

SO, ' 38-58%

Ti0, 7-30%

Al _ 0-12% and
RO 15-40% in total.

In another embodiment, there may ﬁe the WDM optical filter comprising the glass
substrate, wherein the glass substrate may comprise, by mol%, as R;0,
Na,O 10-25 % and
. KO 4-15%.
In yet another embodiment, there may be the WDM optical filter comprising the gl'ass

substrate, wherein the glass substrate may comprise, by moi%,

Si0; 38-55 %

) Na,0 ' 13-25 %
K20 - 2-15%

| TiO, 10-25%
) A1,  0.5.8%,

In yet yet another embodiment, there may be the WDM optical filter comprising the glass
substrate, wherein the glass substrate may comprise at ieast one species of oxides R'O selected

from a group consisting of aikaline earth metal oxides arid zinc oxide.



In further enbodi nent, there may be the WDM optical filter conprising the
gl ass substrate, wherein t he gl ass substrate may conpri se,!8oklnaf0d,

MyOL- 13% Zn(Q0. 5- 10% and Sb2030-11% I n another enbodi nent, there nay be
the WbDM optical filter conprising the glass substrate, wherei n the gl ass
substrate may conprise, by nol % Zr Q20-2% Hf O20-2% La2030-2% Y2030-2% I n
yet anot her enbodi nent, there may be the WDM optical filter conprising the
gl ass substrate which nay have an average thernal expansion coefficient
between 100 x 10-' IK and 130 x 10"7/Kgat a tenperature range between -30
and +70 C. In Ifm‘éﬁlﬁé?x%!heteé'mgin%mheretrﬁﬁf l?etﬂ@WDlRFopllgal‘}Méryco ﬁﬁéng@hégﬁss

optical filter conprisi n? ? ass substrate wh ave an-aver age
thermal  S4054RIS Wisrein derg ELSFéH‘?S Bt MRyedPmPOsse. Ry '1’9'% Fl@t@! R'Dtgtyween@%andt a

t enper at uns%rapge lmbmmmmaﬁ%nﬁmérehﬁélpb&he WEmémut:éleﬁterQﬂah@HéuﬁB?tﬂé glaghere may
be the \/\DI\/Iottlca}1 ter co I%ﬁ% ‘? substrate which may have a
Knoop harﬂﬁ’éggen ereliite, alass s I\ﬁgﬁ‘p” ﬁ)i%“?c?’a fourth aspect of
this invention, there is MgQ)Vl ded an 0|Dt18%al filter conmprising an optical
mul til ayer coated on thec\%n %_@;s substrate, the glass substrate
being formed from gl ass |ch |ncI udes SI"02, Ti® and R20 (where Ris an
al kali metal elenent) and®Owhi ch has aﬁ-B%\/erage | i near thermal expansion
coefficient that is deterggyed in rel abl6%*| and © the optical nultilayer
coated on the substrate and that falls beftween 100 x 10-' and 130 x 10-7/K
within a tenperature rand8%from-30 C 88%+70 C. According to a fifth
aspect of this inventi on, there is provided an opti cal

mul ti pl exi ng/ de in ar at us corrprlsm the optical filter as
def i ned aboveq F‘%h éﬁﬁatv @E@.wbeﬁmw %@é?a'%ﬁ?fﬁpmg%%ngéhwm| ity of

di el ect risubstrdtevavhiasein thg glsbautdtrple Ssay commpadel Bmelue to optical interference.

MgO 1-13%
Zno 0.5-10%, and
Sb,03 0-1%,

In another embodiment, there may be the WDM optical filter comprising the glass
substrate, wherein the glass substrate may comprise, by mol%,

Zr0, 0-2%,
HfO, 0-2%
La;O4 0-2%
Y20, 0-2%

_ In yet another embodiment, there may be the WDM optical filter comprising the glass
substrate which may have an average thermal expansion coefficient between 100 x 107 /K and
130x 107/K ata femperature range between -30 and +70° C.
In further embodiment, there may be



According to a sixth aspect of this invention, there is provided a nethod
of manufacturing glass used as gl ass substrate of a wavel éfghty 2008i si on
mul tiplexing (WDM optical filter formed by depositing an optical

mul tilayer which is fixedly attached to a surface of the glass substrate
“and which has a band pass filter function, the nethod conprising the steps
of adjusting anounts of Si02, alkali netal oxides, and TiQ2 operable as

gl ass conponents so that an average |i near t her mal expansi on coefficient
falls within a coefficient between 100 & 10-' and 130 x 10-7IK within a
tenperature range between -30 C and +70 C, by controlling an anount of
T102 and theK¥DN optitahfiltercoerifiey the giass sliksfstecdighonanihave B8 aleraye hefBal6a | n
still another enbodinment, there nay be the net hod whi ch nmay adjust the
amount of ©XARSOLeREfRBNT betwesns | Wer WY i/§ ANG 120 18288 lademperplureengedeivaege of t he
opti cal é& é that a tenperature drift at the center wavel ength
within th ?ﬂiégob nd of the optical rrultipl ayer beconmes mninmumin the

usabl e tenperat Wﬁwoﬂfé?gﬁ’lbo@ﬁ\%ﬁlr lh@ d Q5 LHe \Hﬂmﬁaﬁp@%orﬁﬂhﬁﬁl}ﬁggﬁgs on

nore in detail 18 July 2005 ass substrate 1s used ture an
opti cal fﬁul@sénatebwhlcrgmdwe\ﬁemommm@g nobﬁnailegltm4@fmgarm®r®wfoa&e a

hi gh refr \, # f n ract]ve. i nd

dielectri i&’bh %Péagﬁ)ihls cier\%H?ngﬂl{‘;ic"'(r%le (')SI’ H&}:@ ga% é{‘ﬁﬁg E:err GTRTR Y gptbca%d pass
function paditayeg coétednmghha SOEREi dfla‘glaswmﬁis&a'@t h1eojlasts §litistradet Haing fonaedient

|'i ght beam by using o al rfer nentioned before, it is
necessary%@ I@g'?;l r{‘);é’r‘r'lﬁ ,Séézu{l'lgz@pfi%zga(whgre Rep @8 alkpleatahglgmenthand pass
band on tbbﬁldﬁﬂl‘é@'&ﬁrt@rbrageﬂhbéﬂ PERYAI RELSHIBA ddaicianit bt |3H?ét§|'nﬂmed fhrlal%t:ér? be
noted that the above- nentioned band pass function can be acco |s hed by

usi ng t he'®WeipiFal mitiayereiaaindeon ey yubstigterandeipat fally hetwern g x Hat and
reducti onqgh xé}omfmﬁ{@é rﬁperg ulrelf fa gs%ﬁ]dtéb Gl Parfrd | uct uati on anong

optical lengths wthin ue to a tenperature variation. It
is to be considered that the fluctuation anong the optlcal Iengt hs results

a2 OB o8 AR RE G U BHEES ot

mul tilayer and vari t
multlplexmg!demultlplexmg apparatus comprising the optical filter as defined above,

wherein the optical multilayer comprises a plurality of dielectric films having a band pass

function due to optical interference.

According to a sixth aspect of this invention, there is provided a method of

manufacturing glass used as glass substrate of a wavelength division multiplexing
(WDM) optical filter formed by depositing an optical multilayer which is fixedly attached to

) a surface of the glass substrate and which has a band pass filter function, the method
comprising the steps of adjusting amounts of Si0,, alkali metal oxides, and TiO,
operable as glass components so that an average linear thermal expansion coefficient
falls within a coefficient between 100 x 107 and 130 x 107/K within a temperature range
between -30° C and +70° C, by controlling an amount of TiO, and alkali metal oxide RO as a
glass component. '



In addition, consideration nust be al so made about the fact that the glass
substrate is also thermally expanded or shrunk together w thgtg 2005

mul tilayer, nanely, an optical nultilayer when the optical filter is
exposed to a variation of a tenperature. As readily understood fromthe
above, since the optical nmultilayer is fixedly deposited on the gl ass
substrate surface, thermal stress |s inposed onto the optical nmultil ayer
due to the thermal expansion or sh¥d nkage of the gl ass substrate when the
gl ass substrate gl bh@hdnahbbdieR thée enayBelthe rRiHod WhRMneRduj et iherantdiint of

t hermal expansion coefficients. This thermal stress brings about a slight
vari ati on 0P:2t3d RQiig icpesideration of reusable mpetature denge ofihe eticap fillerceg that a

mul til ayer o il Ly ol : i@t i . hi nd’
the 1 of r asTPoetr it e R NaRfbrf iy Kk by S Cpubel e BB
t o t he t henimaum ptheasgble tanpbetupanaogd. | ed by the variation of the thickness
that m ght occur due to the thermal expansion and shrinkage of the optical
multilayer. In this event, it 18 July 2005 8 is possible to reduce the

vari ation of theDgpriptoq wil W@WW&%FWWW@“UN@ waptail nul tilayer. As will be
mentioned hereinafter in detail, a practical optical multilayer ~according
to this invention nakes it possible to cancel both the above- nentioned
variations and, as a result, to reduce the variation of the optical |engths
within the optical multilayer. Specifically, it has been found out
according to the inventors' experinental studies that the tenperature drift
can be reduced by rendering an average |inear expansion coefficient of the
glass substrate into a range between 100 x 10-' and 130 x 10-7/K
(preferably, 105 x 10'' and 120 x 10'7/K) within a tenperature range
between -30 and +70 C. As nentioned before, it may be considered that the
stress has to be caused to occur between the glass substrate and a contact
surface of the optical multilayer so as to reduce the variation of the
optical lengths due to the tenperature variation. However, the substrate
of glass is softer than the optical nultilayer which is operable as the
dielectric films. Therefore, the optical nultilayer is peeled off fromthe
gl ass substrate. As a result, it is



difficult to obtain a high reliability when the glass substrate is used.
Under -t he circunstances, the first viewpoint of this inventqggu&gibges I n

a gl ass substrate which conprises Si02 and which has an average’li near

t hermal expansi on coefficient between 100 x 10-' and 130 x 10-'/K
(preferably, between 105 x 10-' and 120 x 10-7/K) within a tenperature
range between -30 C and +70 C. The averdage |inear thermal expansion
coefficient set into the above-nentioned range makes it possible to reduce

the thermal drift at a center wavelength of a pass band, In addition,
i ncl usi on of Si 02 Aglagesubstratmisiiseddo manasee an aniisalildYand provi des a

Prom t he ol SECesben éﬁfﬁ%@ Flaes plsState Firete 7 BlgnolRot BB Cr & o y
S 02 1 or ms PRt B $hY 5B G Rliegt e R LB P e tir Ao A Rnd BRI cRBealy 7'
AL TITSU WheRaR OhER asCPRRRTRALS (e paSsPRAiraRRBspublieh are

oper abl e as ass networ rmers, i ncldded I n glass, Si02 may

be judged awgatBiengtRsslight Wik indiddrTEght &emh%gsihgromi@admtmenb@.e gl ass
i ncl udes any ot her- gl ass network- forners, such as B203, P205, or the |iKke,

Si 02 may be j udgedhamenitiongt deforeeit ipnéedssaneto waece anteanrraturefdrigialia i s
sufficiently greater than that of the other glass network-formers and nmay
be, for exaditer waweteagthin apegabaotl arhide wanalengthThus, the incl usion of
Si 02 as the gl ass network-forner is hel p to furtBer i ncrease the

ful
har dness of MUiptexing/desiinlesing. anb‘eﬁf“B‘F !%/@rﬁe peleddpat %‘Iﬁlngb%ﬁﬁ't il ayer from
bei, | ed off f t.h | .substrate due.t
vatt ot on.  CSRURREERARY Pasdanti S BF SEraBIbRd Y AUk HAEEL veq.
Pr ef bly,; hasc:j.n.. . \
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460MPa, andyfiRh@edB s HBERIsK flﬁlfcﬁ?ét%rn érhag? 69ﬁcé(ﬁ’@n%tﬁs$ﬂwmdne/hﬁm@wt of

this invention resides in a glass substraie which has an average |1 near

t her mal expansi®a teapitaoienariffineent Q0 be didisidendd e the fllOtatikn
preferably, between 105 x 10-7 and 120 x 10-'/K and a conposition,
‘ among the optical lengths results from a variation of refractive indexes of each
film included in the multilayer and a variation of thicknesses of the films.
In addition, consideration must be also made about the fact that the
glass substrate is also thermally expanded or shfunk together with the
) multilayer, namely, an optical multilayer when the optical filter is exposed to a
variation of a temperature. As readily understood from the above, since the
optical multilayer is fixedly deposited oh the glass substrate surface, thermal
stress is imposed onto the optical multilayer due to the thermal expansion or
shrinkage of the glass substrate when the glass substrate and the multilayer are
different from each other in thermal expansion coefficients. This thermal stress
brings about a slight variation of the thickness and the refractive index in the
optical muitilayer. -
Herein, it is assumed that the variation of the thickness and the
refractive index of the optical muttilayer, that might take place due to the thermal

stress can be cancelled by the variation of the thickness that might occur due to

the thermal expansion and shrinkage of the optical multilayer. In this event, it



suitable for obtaining a desirable hardness. Such a glass substrate can be
realized by glass which conprises, as essential conponents133m@&00820 (R.
al kali metal elenents), and T102, a total anount of the essenti al
conponents exceeding 60 nol % Alternatively, the glass nay conprise, as
the essential conmponents, Si02, R20O(R alkali netal elenents), and Ti 02
~and a total anount of the essential conpenents may exceed each anmount of
the renai ning conponents other than the essential conponents. The anmount
of R20 is indicative of a total amount of the alkali  netal oxides. 18 July
2005 10 Her i pRFsRIe tOf?@%’iﬁW&f’r@ﬁ@ﬂ@ﬁ&f opticad leqgths withinetherort¢al 0 as Si 02-
R20- T102 syﬁgﬁqlglass The gl ass substrate nay have a Knoop hardness which
i's not smal Uigyeln 455 MPa, preferably, 460 MPa, and nore preferably, 500

S02. R20- Ti 02 syat ety Ml etdubltE a4 RRGaLer ALbiRrayer o
rorove 2 g e £RY S ARG Bk UG B cREIBhRT e RS oper abl e

to control I near ermal ‘exXpansi on coeffticlent Speci fically,

R20 serves hridhdalvaARtioNSbAdCad hRE]I, b esdie H¥RANBLIOA of Baebplicdient of
the Si02 inclusior glass to a desired average |inear thermal expansion

coef fi ci ent janjttedhwithin ievddtitahmaltitedet Spetifieally; ange et foonddwbove.  Ti 02
serves to obtain the desired aver age | i near thernmal expansion coefficient

wi thin the preeldirg o thednvenigrs' enperiroenial studiesstbebthe teenperaturedrifieeanst ance

characteristic. Wth the above-nenti oned Si 02- R20- Ti O2 s?/stem gl ass it is

possi bl et Bededueed BY Jerarig amaverpspdigear eeRsiomEpREc e@xaamq FES

Sﬁgf 170 C." UbSIEHE R AR Br ROl L gﬁnﬁtﬁ%éyiﬁpfié&ae{e{%@ IBERe o ass
f
ubst i tuti onObaNHey X E@d@@*@%ﬁﬁ{eﬁﬂaﬁéﬁ*@# SR B PR Tt on

bet ween R20 and Tﬂ%rﬁeﬁwﬂ%%ld%e?&esﬁ rﬁii&ﬁbe%ﬂﬁsnﬁ%@?ﬂ%‘t‘tﬁ@sﬁééé F\aQ?&B&ES

m ni nrum (nanel vy, osest to zeroj within an avai al be tenperature range
(for exanpl eauged @P6Rcur between the glass substrate and a contact surface of the

optical multilayer so as to reduce the variation of the optical iengths due to the

temperature variation. However, the substrate of glass is softer than the

optical fnultilayer which is operable as the dielectric films.  Therefore, the

optical muitilayer is peeled off from the glass sﬁbstrate. As a result, itis
ﬁdiﬁicult to obtain a high reliability when the glass substrate is used.

Under the circumstances, the first viewpoint of this invention resides in

e

a glass substrate which comprises SiOo and which has an average linear
thermal expansion coefficient between 100 x 107 and 130 x 107/K (preferably,
beiween 105 x 107 and 120 x 107/K) within a temperature range between -30°
Cand +70° C. The average linear thermal expansion coefficient set into the
above-mentioned range makes it possible to reduce the thermal drift at a center
wavelength of a pass band.. In addition, inclusion of SiO2 serves to enhance a
hardness of the glass and provides a glass substrate which prevents an optical -

multilayer from being peeled off from the glass substrate. -

s ' According to the first viewpoint, SiOo preferably becomes a glass

o

network-former.  Judgement can be made about whether or not SiOs forms the



tenperature). Asa result, the average |linear thermal expansion coefficient
of the glass can be adjusted to a desired value. Herein, tngaggnes of
substitution between R20 and Ti 02 can be controlled by neasuring each
anount of raw materials and by nelting the glass. It is noted here that the
Si 02-R20-Ti Q2 systemglass is transparent for a |ight beam which has a
wavel engt h band between 1.3 and 1.6 mus®&d for optical comrunication. This
nmeans that the above-nentioned systemglass 18 July 2005 11 has a high

R i Wel e R e
055 EOABoRBN IR UAlas BB, PR, it ar.%esewé B8fhe HRSL HeANGH-

characterls Icran crease SS 0 | ass. equently, the

optical mul {drhayer adeSndtiiadiliBed %s@egl%nﬁfyfbéﬁ@gbwh% tﬁbégﬁéss setheirkate. On
t he ot her hand, nore than 58 nol % of Si makes e average |inear thernmal

expansi on cRRfidrCi B tHeQUREr hBAN Wtﬁ@m eegaégma:u% arwlgmer irgnwdriabove
and, as a result, undesirably enhances e tenperature dri Taki ng t he

above into toymeirsest a% Bohe Pp@girar tiog lige @:Gzamagbmuﬁgﬁd@sﬂaﬁ@@%bet ween
38 and 58 nol % gr*’ef erably, between 38 and 50 mol % and nor e rE)%ef erably,
bet ween 38 BAWVCIE-TRIMeE whise am@moametvfe‘@l@m@wp@%n greatyr than thaholdhe 42
and 48 nmol % . As regards the al kalj netal _oxi de R20, wh a tot nmount
1o ase' 1 aitier RSrROR ATk IPEnEISIANALTRY oo IGISUAPIEnISH S anorT ot B8
results. OnI he other hand, nore than 40 nol % of R20 is prone to degrade
t he weat her &i st ance characteri stic of the glass. Thus, the total anount

of \R20 may be rest-nl, Eiﬁ?ﬁl‘?c!uﬁoﬁ%@g‘?og%ﬁ%"fﬁé 1A% RO AR ReRE@rabl y

bet ween 22 and 32 ~1s prefe at the alkali netal oxide R20

may be Nazoftﬁﬂfﬁr%cr'é%@e t%%ﬁrdﬁﬁf&&ﬁ@gléssbﬁﬁbgtrb}ﬁ?%@w pkeni@ie Hstiddrc! uded

in the glass and the alkali netal oxides may desirably consists of only
Na20 and K2@uliiageefiombeind pedistidp frefrethabyliss slibstratetduentodhe angpetmumeen

10 and 25 nol % nore preferably wthin a range between 13 and 25 nol %
nost pref er satigtiomi t HConsequemlg, the problem of the peeling off can be solved.
Preferably, the glass substrate has, in terms of the Knoop hardness, a hardness
which is not 'smaller than 455 MPa, preferably greater than 460MPa, and more
preferably greater than 500 MPa.
A second viewpoint of this mventlon resides in a glass subsirate which
ﬁhas an average linear thermal expansion coefficient between 100 x 107 and 130
x 107/K, preferably, between 105 x 10-7 and 120 x 107/K and a composition,
suitable for obtaining a desirable hardness.
Such a glass subsirate can be realized by glass which comprises, as
essential components, SiO9, Ro0 (R: alkali metal elements), and TiOg, a total
~ amount of the essential components exceeding 60 mol%. Alternatively, the
glass may comprise, as the essential components, SiO2, R2O(R: alkali metal
elements), and TiO» and a"total amount of the essential components may
exceed each amount of the remaining companents other than the essential

components. The amount of RoO is indicative of a total amount of the alkali _

metal oxides.

":4‘;'#



between 15 and 22 nol % On the other hand, the amobunt of K2O preferably
falls wthin a range between 2 and 15 nol % nore preferabl yipatipeeps 4 and
15 nol % and further preferably between 6 and 15 nol % and nost preferably
between 6 and 10 nol % 18 July 2005 12 As regards T02, less than 7 nol % of
T102 degrades the weat her resistance characteristic and make it difficult
to render the average linear thermal ed@ansion coefficient within the
predeterm ned range. More than 30 nol % of T102 nmakes it difficult to

EPLSLP; e o andierotaler e BB B heR Y SIS etplrel B prsigh-L 1 0 the
7 ’ 4] 0, ,

oref or abi v, B8 N0 hegiads SRRt ndl Aavea KRbH pfireast,

pr ef er abl y,watehgegpb%@ggﬁh%ﬁ £ 'a‘}ﬁ:ta@hfég?%g@, ApgBuba, 344 echrasraferapli onal

conponent to Sys it serves to inprove the

veat her ressgd ML £hakAtdRId iﬁtdo?l]jurﬂiﬁ@ntvﬂtrhﬂfm@tﬂi@ﬁ/p@trﬂss- However, nore
than 12 nol % of A1203 make it difficult to obtain the average |i near

t hermal expansi on o tied Si@H-EO-TD pispstemeglass cBiEd pseiviesdo handen thenglesst he
ci rcunstances, the amount of Al1203 is restricted to a range between O and
12 ol % pritdedians] (p ipnrasen vmeahemﬁsgﬂaneﬁ)ph@ra@t@lqyp@ff&%B%ﬁ%eﬁx&HS 0.5
and 8 nol % and further preferably between 1 and 8 nol (V]gror.bet ween 2 and 8
nmol % and reRgraplecpegaitio) theeavRiage JngagthermabexpansionERestdY bef ore, A1203

T cerves tSPTrVeFERLsGRE Repd el faelifig? M e HPERL S ana
corponent. 14 e ol B8 O o B e A R Ses. by
mol % S 023&%3%%@éﬁi§[eﬁ%f6%%nsl®%ingg?é&@§%eér?Qnge mentioned above.
TiOo2 serves to obtain the desired average linear thermal expansion coefficient
within the predetermined range and to further excel the weather resistance
characteristic.
With the above-mentioned SiO2-RoO-TiOo system glass, it is possible
to accurately match the average linear thermal expansion coefficient within the
predetermined range at a temperature beMeen -30 and +70° C, in

qponsideration of an optical mulitiayer deposited on the glass substrate. Such
matching can be carried out by controlling a degree of substitution between |
Ro0 and TiOo. For example, the degree of substitution between R0 and
TiO» is adjusted so that the temperature drift becomes minimum (namely,
closest to zero) within an avaialbe temperature range (for example, a room
temperature). As a result, the average linear thermal expansion coefficient of
the glass can be adjusted to a desired value. Herein, the degree of

substitution between RoO and TiO» can be controlied by measuring each

amount of raw materials and by melting the glass.
It is noted here that the SiO2-Ro0-TiO2 system glass is transparent for

a light beam which has a wavelength band between 1.3 and 1.6 m used for

optical communication. This means that the above-mentioned system glass



A12030.5-8% 18 July 2005 13 In the above-nention glass conposition, it is
unnecessary to define the total anount of R20. However, thesual@ooanount
of R20 may be restricted to a range between 15 and 40 nol % preferably

‘between 22 and 32 not% like in the above-nenti oned conposition. According

to the second viewpoint, the glass desirably includes, in addition to the
above- enuner at ed conponents, at |east orid oxi de selected from a group
consisting of alkaline earth netal oxides and zinc oxide. Among others, it
I s pref eragbae t hat the Ias|§I i ncl udes MgO and ZnO. Such al kaline earth
metal oxi dERSHAMNG ﬁ'éa ?@@F‘B@'&'ﬁsﬂew trification resistance property

daf f th I f d
educes 11 aui dus. SbeleaciPlo i Baatfo€ apbladiBii Madt S ERbrs T The -

‘glass. In ,ﬁgigﬁbaqﬂth@g@?,pﬁEI n% ¥§tetn‘i’ Rakden the glass and to prevent

the optical nmultilayer eee of t. Wien either the al kaline

earth netal oxideqs RgatdeSIDHeoX ittt 88 mdIv ofdBId, didtetisratestivy @ehtherhat
the total armount of the divalént conpoents is not | ess than 2 nol % so as

to realize rebptaiyehdradtdriete dnefdeetsse wrcthdrdness oftheajiass.t han 15 nol % so
as not to degrade “t he weat her resistance  characteristic. In order to
real i ze theCenssilesly, ihe\ogtical mudtilayer is diablettarieeperled efftfioraride glassavoi d t he

Compr i so. MR- ABGhe sHens. Tep bacuBIDOLs &F éﬁa%‘w" KERINBRAST98 or e

EL%f erlgb!]ﬁi yte%g(ﬁ% ﬁexpéns:ogpcrc;e ?merll)’?iow;vme)} %anlthé?ﬁo{egeter Ine r%ngg 5- 10% of
mentioned above and, as a result, undesirably enhances the temperature drift.
Taking the above into consideration, the amount of SiO2 falls within a range
between 38 and 58 mol%, preferably, between 38 and 50 mol%, and more
preferably, between 38 and 48 mol%. The most preferable range of SiO2 is
between 42 and 48 mol%.

-As regards the alkali metal oxide Ro0, when a total amount is less

than 15 moi%, it is difficult to obtain the above-mentioned results. On the other

. hand, more than 40 mol% of R0 is prb‘ne to degrade the weather resistance
hc;haracteristic of the glass. Thus, the total amount of Ro0O may be restricted to
a range between 15 and 40 mol%, preferably between 22 and 32 mol%. ltis
preferable that the alkali metal oxide Rgb may be NasO and/or KoO. More

- preferably, both NasO and KoO may be included in the glass and the alkali
metal oxides may desirably consists of only NapO and KoO. The amount of
NaoO preferably falls within a range between 10 and 25 mol%, more preferably
within a range between 13 and 25 mol%, most preferably, within a range
between 15 and 22 mol%.  On the other hand, the amount of KoO preferably
falls within a range between 2 and 15 mol%, more preferably hetween 4 and 15 -

mol%, and further preferably between 6 and 15 moi%, and most preferably

= 7 between 6 and 10 mol%.
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The above-nentioned Si 02- R20-T102 system gl ass may include a refining
agent, such as Sb203, an anount of which is desirably restrhgtgg2b0sa
range between 0 and 0.1 nol% In order to inprove weather resistance
characteristic, the Si 02-R20- Ti 02 may include at |east one of oxides
selected froma group consisting of Zr02, Hf 02, La2(3, and Y203. An anount
of each conponent, such as Zr02, H 02, 12a203, and Y203, may be desirably
limted to a range between 0 and 1.2 nol % so that the average |inear

t hermal expansion ,coeffici IS _not | ler an the predeterm ned range.
The aci d 1 oel ot | viAY S0r G 13- dfsd Panomolact Tida oo e ertier

above- nenti gned. conponents. |.S re than.0.2 nol % | ong_as,this invention
does ot deSAR RO AGteriaHp 00 ke ettt Btgrtiethe YEaBR 1hSrS  han de.
Nb, Ta, W s : I - Ry a anount
of several tﬁgl'rfft ?ttf{&nsa d?%cﬁ@@% WFE ﬂlg§g§ipl?edset§§nwgﬁ er Bge't o%g%jﬂﬁjs 30
a-refracti \/mol%lfdﬁﬂ‘l@% rghlassit difidiiiadottainnge biveragedindar tesrehal@xlsahsibhty. ' As
far as the object of this invention is acconplished, several percents of
the oxi de cwfiesfafingawmtiie the platramiived rawge. deThareioradinef arbentas de
conmponents _included in the glass. However, it has been found out according
to the i nvehforfells withireairaage Aetwaenl? endi3tamoifospraferabiys hptveee) 46 and

conposition is SJ)ecifi ed béﬁa conposition of Si02, Na20, K20, T102, A1203,
MyO, ZnO or2Bhinckvee Birarretenablys betweeaddvendrdAmelifo @r dsiean IRANth#d Sb203

added to the oSi tion the refining agent. The gl ass substrate
accor di ng trﬁoﬁ”gg'ﬁmStQﬁ%gﬁmyj@éWﬁ@”J?g?‘%’gg(?]f@]%hasga greater thermal
expansi on coeffi ci Vi HSe
harorore, Ceven | {TEoUBRHLOHS kol i Giflorl EBTEURBRE R e sitRefio0-

expansi on cpelf dyEtémigRed Mksabesito rSove I Welkihatesigiaticel @rgastbastic (the
thermal expansi‘on coefficient being about 110 x 10-7/K), widely used in

i ndustry i sansroha@enahbigiasiy Rioveevar, @otk tHzer enoml¥%noftAle Ogainaks fiansi on
bet ween the glass 18 July 2005 15 substrate and the fixing nmenber is small.

Accor di ngl yiffiepttitc abtalh she aveage linesukhidrng! Expansion esefficaund edthirotheccur
petween the prgeldgtse?msi#gc? tra{nag}e? aé]r?detrh[ﬁe fciirébagstances, the amount of AloQ3 is
restricted to a range between 0 and 12 mol%, preferably between 0.5 and 12
mol%, 6re preferably between 0.5 and 8 mol%, and further preferably between
1 and 8 mol% or between 2 and 8 md!%, and most preferably between 2 and 6
ﬂmoi%.

As mentioned before, AloOg is added as the optional component to the
Si02-Ro0-TiO2 system glass but it seNes to improve the weather resistance
characteristic like SiOo and to harden the glass. Accordingly, AloO3 may be
added as an essential component to the glass. In this event, the glass |

preferably comprises, by mol%,

Si0s 38-58 %
Na20 13-25%
KoO 2.15%,

- TiO2 10-25%, and
AlaOg3 0.5-8%.



menber due to variation in tenperature is small. As regards a plastic
material, a simlar advantage is obtained because,: by sel edgiJafy 2005 degree
of polynerization and a bridging agent, use can be nmade of a material,
such as polyethyl ene, polystyrene, and pol ynethyl nethacrylate, w dely
used in industry and having a thermal expansion coefficient between 90 and
150 x 10-7/K. - Let an optical apparatuslbde structured by using an optical
unit which has an optical elenent forned by the Si02-R20-Ti Q2 system gl ass

d which is fixed to a fixing formed. by carbon steel, st
Teel (Type 410) . ORGP BREIODBIA78 CoMIREOM | 1S HRIREEHOATY 1 BREET JFas e

o T one @Rl AP RgE L Sk TR BRARY e BTRY AP B e Rsbanast o
addi ti on, _t e JEBERALe P8 LALLM, pRXGSblAMERNIPEYSE haRIRRIRl € N 2
w de variety wWor'king environnent: Xt, “description wll be nmade about

the optical ¢ 55809-%?ﬁtmr!%fii®fﬁﬁﬁéiﬁﬁh The optical filter of this invention

is used for an optica nmu pl'exer/ denul ti pl exer apparatus for wavel ength
nul ti pl exi ng/ demul ptgbreidd® thedeoagvigv@boiint, e ylaseesirably intlades, in

above- nentioned glass substrate and an optical nultilayer forned on the

gl ass subst matddidoytoshe cosevariumerapmbcampgnantd, akleaskomg okidglsalegted om e
index dielectric filmor films and low refractive index dielectric filmor
filnms. The @pgrotalconsistingLf@lkaline earthanata) gxidesand 7ibA oXides uIATABIf r om

tical interf d h t I i £ hi . band
opUl a1 et e G Ca0 ShAI0S 2 CELSE, IRVSLERS b LD siRges D
el S N SSE fod Lodho B LS Rhe L oS o B
f the | f : i i.el ! i i s ol : b
00 1 | OB RN B DO MhE B Tyl B UBER: cofpiommy be |

may be TA20%¢qddRiihili€ teinpaireat EiabmtRes 8 nioiutadtard and Idmlte/gla8ds 1.6
refractive index dielectric filmmay be Si02. The tenperature drift of the

cent er waveljere@dhion) Znieisagffdctiat té hhtden tharglasseand dupexieny tepppiogati at el y
adj usting the average |linear thermal expansion coefficient of a substrate
mat eri al usedultiByer fronpbeiagweslen pfft  Wharheithrsibe alkaline earth metal oxides
or the zinc oxide is included, it is preferable that the total amount of the divalent
compoents is not less than 2 mol% so as to realize the above-mentioned effects
and is'not greater than 15 mol% so as not to degrade the weather resistance

characteristic.

In order to realize the excellent devitrification resistance property and
to avoid the reduction of the weather resistance characteristic, the glass may

comprise, by mol%:

ZnO 0-10%,
MgO 0-13%,

- Cal 0-10%,
SrC 0-8%, and
BaO 0-6%.

More preferably, the glass may comprise, by mol%, 1-1 3% of MgO and

0.5-10% of ZnO.



wavel ength within the pass band can be suppressed within a range between.
0. 0025nm K and +0. 0025nm K by using the substrate whi ch has1aguig@ooppri ate
average |linear thermal expansion coefficient within a range between 100 X
10" and 130 x 10-7/K, although it depends upon the characteristics of the
filmto be deposited and the depositing conditions. Therefore, the optical
filter can be used over a wide tenperatiffe range. , In addition, the glass
substrate material is excellent in weather resistance characteristic and

is therefore advaw&%_n{&ﬁﬂéﬁ@& gl %{ﬁ%@_lwzfﬁrgpe?n agaggg.f]?g isAQngsgt i on

with a surface degradation rch ™ myg ccur I ng hi ng process
and the |i i sl ti fihdl hIS i i i ous
kf%fmm%egﬁ, éHUed;he?én @ﬁ??%, g mobiht df8IniER |Saé1§él+&;llg* ﬁeértﬂ@l%'d W

wor ki ng enviro I's assuned that wavel e

mul ti pl exi nghdeméilveeh D% amPoitSmoparri ed out within a wavel ength band of 1.5
a mand that an interval between wavel ength conponents denulti pl exed

becomes equal to 10@rdaizo ihpoovecwpathdr mgsisianck ehasacbsii, the Bi@pyRyOof
0.8nm. In addition, it is also assunmed that the optical filter has a high
transm tt anb@2yaaY inglode abieast onenof ovisgsrsalgied fiodu Akirane €onsiated of he

tenperature_drift exceeds 2.5 p (0.0025nm /K and a tenperature i hanged
over a tenp%rﬁ%asd'l'fg&&?@53}@“@0@%3egf\8£@%ﬂ§ QNP %Uqhié%;f&a’
signal opti vel engt h,,i s shifted fr. t.h i.Q r 1 nd

w ath to ar R R Y pDar BiroARGoE b BRI e Eald

i nconveni e t ak in_th ical filter. e t

i nterval OW?HE%\%S%%@:"R %ng%i%@'ﬁ%%rctﬁﬁm?lp‘%@?&?bmaﬁ%éﬁﬁﬁ%'lb géé][%bre
equal to 5 i t ; d At )
macmuch ao"ehang BREASRRAREAIENGE. | TR PRIy 13 SRELeRUShelo D)
about 0.1 ngher BacKIH R apevd-srRintivRLElDRidhants Rabbye Rl §. 24nblven an 18
Jul'y 2005 17 untransparent region when the tenperature drift e>_<ceeds 0. 5pm
and a tenper at urfs itarg as thigirnviendbn doe$ @t Gepbdrfram dnpueposdoxXidestal) f@) i s
caused to occur in the optical filter. As a result, inconvenience takes

pl ace in t Haropleeli, Fnribanide, MonTaohe®, i, dneGet Ba, Bpt Pcab, Bi,[Teemayck®r di ng

to this invention has a tenmperature drift_ between -0 (%025ng’1'K, a}qd]
+0. 0025nm @qqﬁ%m@gmurﬁg?ﬁg@{al mol%. Such addition of the oxides is helpful to

adjust a refractive index of glass, a glass transition point, and workability. As far
as the object of this invention is accomplished, several percents of the oxide
. Components can be replaced by ﬂuoride instead of the oxide components
included in the glass.
However, it has been found out according to the inventors'
experimental studies that most preferabie glass composition is specified by a
" composition of SiOa, Nag0, K20, TiOg, AloO3, MgO, ZnO or by a combination
of the above-mentioned composition and Sbo0g added to the composition as
the refining agent.
The glass substrate according to the first and the second viewpoints
has a greater thermal expaﬁsion coefficient than that of a typical glass generally

used. Therefore, even if a metal material, such as carbon steel (thermal

expansion coefficient being about 120 x 10-7/K) and stainless steel (the thermal

b expansion coefficient being about 110 x 10-7/K), widely used in industry is used

:‘ £7

as a fixing member, a difference in thermal expansion between the glass



-0.0005nm K and +0.0005nm K). Therefore,. it is possible to prevent the
signal optical wavel ength from being | ocated outside of theshighoos
transmttance band w dth within a usual tenperature variation range and to
acconplish a high reliability. Since the glass substrate used in the
optical filter has a Knoop hardness not smaller than 455GPa, it is
possible to prevent the optical nultil dper from being peeled off fromthe
gl ass substrate due to a difference of l|inear thermal expansion

e T SO AT RS on BN Sl PR 15,12
o, 021 ol P e BRGSO 0D SHEEREEFAR PR, B

the opti cal mbhde?ia b aalsn it @o&bidrodd gl ' AS re@ifdsRblaktib Madidl

optical fibers ving incrdent to whi el engt h conponents

are given thspyitt Rfvaflidedalobtihbd bayaise byl dedipigithelddgréé ef . According
to this invention, an optical nultiplexer apparatus is obtained which

conpri ses golpwicrieatiordt Ahd arbrivyingggant, apé icaalbermbtie lohganatesiaplsuchldst y of
optical fibers located to the optical filter to conduct wavel ength
conponent s polyetsiyicnes golystyresie,cutcepolpyeting mathacylatenwidelyaysad indndustry
optical fiber positioned to conduct the transmitted and the refl ected
wavel engt h ashpaviegtastharmat expansiereceefficient petwess 90 gnd 1§@a<rﬂQ'ﬁf|‘6ugh an

I nci dent d of t tical fib I L d tid f the . Of
mil 1 pl exed vaval dRSAROPUaE PR S pPRareEEbg pih0 Bnebia CETMHG o/
Tav b . ; 3 e f
the pass. barie oRTEd el KRt /e S ORP L TIOR SRt M oladuRl s ©
Lt ol exina/ R : . ) . ¢
%d {Eeeébpiggglgagg%ﬂlﬁl xer apf)rglrag[&gscg(?%%fEfégggﬁlﬁ]gﬁ%ﬁ%?){% of t e{]a us

col I ecti vel yolgpéthlyRhe pbiyeBirenidl] driddpeyeictitle mdthaglykater aspemtiehas gbbase a
high reliability even in an environment intensely varied in tenperature,
because useThe optick appardtas éptmedlin optitalalistheivinrapaime the ghernetlivapation y .
Brief Description of the Drawing: Fig. 1 is a schematic di agram show ng an
optical filarg iSaT@@mfgrmgxqqilenh|nsstabih‘?y. In addition, the weather resistance is

excellent so that use is possible in a wide variety of working environment.
Next, description will be made about the optical filter of this invention.
- The optical filter of this invention is used for an optical
ﬁmultiplexer/demultipiexer apparatus for wavelength multiplexing/demultiplexing.
The optical filter comprises the above-mentioned glass'substrate and an optical
multilayer formed on the glass substratéby successively depositing and
stacking high refraétive index dielectric film or films and low refractive index
dielectric film or films. The optical mulitlayer has a band pass function
resulting from optical interference and can change a center wavelength within a
pass band by varying its structure and a refractive index.
As a material for the high refractive index dielectric film, use is made of
TiOo, TasOs, HfO9, Zr0o, CeOo, Alo03, Y203, ZnS, MgG, Lag0g, Cds, Si, or
the like. As a material for the low refractive index dielectric film, SiOp, MgFp,
ThF4 may be used. A preferable material for the high refracti\fe index

dielectric film may be TasOs, TiOo while a preferable material for the low



invention in a working state. Fig. 2 is a schematic di agram show ng an
application of the optical nmultiplexer/denmultiplexer of thi8Jug2easi on.
Fig. 3 is a view showi ng neasurenent of distortion in a glass.. Fig. 4 is a
gr aphi cal representation for use in describing a relationship between a
tenperature and a tenperature drift at a center wavel ength of an opti cal
filter illustrated in a twenty-fourth etodinent; Fig. 5 is a diagranmatic
view for use in describing a structure of the optical filter according to
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ccmecec to @/@eiengzh within the pass band can be suppressed within a range between -
0,0025nm/K and +0.0025nm/K by using the substrate which has an appropriate -
average linear thermal expansion coefficient within a range between 100 X 107
and 130 x 107/K, although it depends upon the characteristics of the film to be
deposited and the degpositing conditions. Therefore, the optical filter can be
used over a wide temperature range. - In addition, the glass substrate méterial
is excellent in weather resistance characteristic and is therefore advantageous
in that no problem takes place in connection with a surface degradation which
might occur during a polishing process and the like. As a result, the optical
filter is available under various working environments.
Herein, it is assumed that wavelength multiplexing/demultiplexing is
. carried out within a wavelength band of 1.5 & m and that an interval between
"Wave!ength components demultiplexed becomes equal to 100 GHz
(corresponding to the wavelength intervai of 0.8nm). In addition, itis also .
assumed that the optical filter has a high transmittance band width of 0.2nm.
© Under the circumstances, when the temperature drift exceeds 2.5 pm
(0.0025nm)/K and a temperature is changed over a temperature range of 100
degrees (for example, -30 to +70°C), a signal optical wavelength is shifted from
the high transmittance band width to an untransparent region and can not be
demuitiplexed. Thus, incoﬁvenience takes place in the optical filter.
In addition, let the interval of the wavelength components muitiplexed
and demultiplexed be equal to 50 GHz (corresponding to the wavelength

interval of 0.4nm). Inasmuch as the optical filter has a high transmittance band

width of about 0.1nm, the signal optical wavelength probably falls within an
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untransparent region when the temperature drift exceeds 0.5pm and a
température variation of about 100 °C (for example, -30 to +70 °C} is caused to
occur in the optical filter. As a resuit, inconvenience takes place in this case
also.

Af mentioned before, the opticél filter according to this invention has a
femperature drift between -0.0025§1le and +0.0025nm/K (preferably, between
-0.0005nm/K and +0.0005nm/K). Therefore, it is possible to prevent the signal
optical*wavelength from being located outside of the high transmittance band
width within a usual temperature variation range and to accomplish a high
reliability. o

Since the glass substrate used in the optical filter has a Knoop
hardness not smaller than 455GPa, it is possible to prevent the optical
multilayer from being peeled off from the glass substrate due to a difference of
linear thermal expansion coefficients between the optical multilayer and the
glass substrate, even when the temperature variation ekceeds 100 °C.

- According to this ihvention, an optical demuttiplexér apparatus is
nobtained which comprises an optical filter, an optical fiber guiding a wavelength
multiplexed light beam onto the optical filter through a light exit end of the
optical fiber and optical fibers having incident ends fo which light wavelength
components are given through an optical multilayer of the optical filter.

According to this invention, an optical multiplexer apparatus is obtained
which comprises an optical filter having an optical multilayer, a plurality of
optical fibers located to the optical filter to conduct wavelength components
transmitted or reflected by the optical multilayer, and an optica! fiber positioned
to conduct the transmitted and the reflected wavelength components and to
guide a niultiplexed light beam through an incident end of the thical fiber. In

consideration of the number of multiplexed wavelengths, a plurality of the
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optical filters may be used which are different from one anther in center
wavelengths of the pass bands and each of which individually carries out
multiplexing/demultiplexing operation.

The optical multiplexer apparatus and the optical demultiplxer
apparatu_? (both of which will be often collectively called optical
i'nu[tiple_xer/demultiplexer apparatus) have a high reliability even in an
environment intensely varied in temperature, because use is made of the optical
filter having the high reliability.

Bri'fD ription Drawing:

Fig. 1 is a schematic diagram showing an optical filter according to this
invention inr a working state.

Fig. 2 is a schematic diagram showing an application of the optical |
multiplexer/demuitiplexer of this invention.

- Fig. 3 is a view showing measurement of distortion in a glass..

Fig. 4 is a graphical representation for use in describing a relationship
between a temperaturé and a temperature drift at a center wavelength of an
“thical filter illustrated in a twenty-fourth embodiment;

Fig. 5 is a diagrammatic view for use in describing a structure of the ,
optical filter according to the twenty—fourth embaodiment; and

Fig.6is a graphit:a! representation for use in describing a relationship
between a temperature drift at the center wavelength of the above-mentioned
optical filter and an average linear thermal expansion coefficient, wherein use is
made about glass'substratgs according to first through twenty-second examples
(will be described as Examples 1 through 22).

D iption of the Prefer iments:
Now, this invention will be described more in detail in conjunction with

examples.

P
e
ol



18 July 2005

O 0O00000COOCDAC) aCDOOOOONaa N

19

000000000D000C) QaaC) C) ©) O CoOX( i G0oOC) 0000C) OOrn co  MROYOQOQCUD
aCDC) OC Ot 000N C%  CVt oU7 2 QOO000C 000000a00004a000 Cn

} 00CoaaaaOCDCDOOOC) aaC OOQRO 0QQVoan00aa0DaaCoOO0Q
00aQO0C) CR~O0OOLEC) OC) C) O O

O000C O O a OOOOOOOOC) QraadOOaaaa | -

018 £000'0 gLl oot ] o o |0 |61 o100 |gst|e6|se]|oe|ew] @@
oLy 20000 ZhL orfoor | o oo |8 o [ o | o lestiser|ser| e law]| 12
0Ly 1000°0- yTLL oo floor | ¢ oo ]| o o | ol o lesi]es|rez|ov o] o2
oLy 20000 8Ll oolloor| o |sL | o |0 | O o | 0o | o |esr|eL|rezfey [sww] 6l
09% 21000 £'801 o6lffooi | o [ o | 0| 0|98 o | o | o lgot|etlosi|or}or| st
09% £100°0 7501 oztlloorf o [ oo oo |sv|ge| oo |ssi| 9 (8 |ss|ey | L
oLy 80000 90} ozilloorf o ol oo |ofse | o1l o9 {sstf o |8 |gs|er]| ot
019 1000 6001 oolloorl o o |o{oloflotfo]| o] olzez]zo|zer|oz|vos| sl
005 02000 5201 vziffoor | o o | o oo |var] ool o fzzr]ee|voe| e jow| n
009 £100°0 6001 oofloor ] o [ olo|ofo|lo|o]| oo [ser]er|toz|oz |ees] €l
GG 71000 9'901 goafloor ] o [ oo | o]es]lo| o |0 |0 |vet]seL|ooe]os |sor] Tt
09y 11000 6601 oo foos| o [ o |8 jo oo |o |00 |z8 08 {g1z| 28 (zvr| il
06 Z000°0 Sl e6 Joorf o [ o [ oo oo o jes]|o[gor]zs|gave|oor| o
09 Y0000 660} cziffoor ] o J o o ] o o jger| o0 o |0 |6S{0L|88L)TL|IEE 6
09% 50000 gLl g lfoor ] o oo lo|eejojo|o | o |zor|ce|vog| e {eee] 8
09 2000°0 R4 oofloor{ o o | o oo o ]o] oo |ee|gL|cez|corjree] ¢
oy | 1oooo- 7L oo ffoor{ o J oo fer]o|ofo o [o |vsi|es|res|sy |ivv] o
09% £000'0— ghil ev ffoor [ o J oo o ]ev|o]o oo |ver|ecjoez|sr ew| ¢
0LS 80000~ 1'gLL oo ffoorJ o foJo oo oo o o |re|aL|Lae| Ly |ew] ¥
059 1000 9'901 poffoot] o JoJo oo o o] oo Jear]|re|os|o evsf e
0€9 90000 9'901 00 __8_ otololof|o|lojo o] o |vsiissrior]oo|ses| 2
089 £100'0 0’501 oofloos ] o Jo o lololof[olo |ol|eza]ocjssifoo|zs]
2 usioiyao
mmmm_nmwz mﬁwﬂmww%&%k mem“m _WHEW m,om [e3oL ouz 201t | 0% [O%N P04V | tois prdwexa)
doouy Jesur] aeigAy B0
| | ®jqeL

P




7 0C) ) Ga0OCDQ( DOOOC) GaGcoCOatO m

NYi-rV-CANO) I f)N,--rt")NNI 171rJI 17LC) M nl f] : 18 July 2005

A - - Cor - CoCo00CC( DU CDco<0r - NC ', UM C)t ocoCo(nrt) HYYr-r TYNT

OOYN(' I ~Lt" )t oOni ot oCAaNcocoC]MMOR r-f-rr-N.r-r-nrcot--dCD(or+rr-rCJ?
Qu?cDor +orn. . TooCO navAwYTcoC - N 00OCVMWMC7wnOQOcownrco(Jr N -
ZNNNNNYYNNNNNN* ~T M OQQY - nDOt or - NC7 O0U7 LE\MCC00r O O

OONd' d-Orrt-00r-Nr-Ntr)6r-4~rNN N NNC)NC) €' )rrCcoONaMJ -Tt[]tr)NO) O-r-

r mrnrN d
mmco [gxgmples 1-22]

Table 1 shows a composition and an average linear thermal expansion
coefficient over a temperature range between -30 and +70 °C in connection with
each of Examples 1-22 that has a glass substrate for a WDM filter according to
this invention. The content of each component in the table is represented in
mol%. :;'he linear thermal expaﬁsion coefficient is represented in a unit of
10-7/K. R'O represents a total amount or content of a divalent component.

- The glass of this invention was prepared in the following manner. As
a material of each component, use was made of oxide, carbonate, nitrate, or the
like corresponding to the component. To obtain the composition given in Table
1, the materials were weighed and sufficiently mixed to prepare a glass raw
material. The raw material was supplied into a platinum crucible, melted ata
temperature between 1200 and 1450 C by the use of an electric furnace,
stirred, refined, homogenized, cast into a mold appropriately preheated,
solidified, and gradually cooled.

Descriptioh will be made about the glass of the composition in

) Example 1 by way of example. Specifically, the materials weighed and
sufficiently mixed were supplied into the platinum crucible and melted for two
) hours in the electric furnace preliminarﬂy held at 1350 T in accordance with
the above-mentioned steps. 7

In each Example, the batch can easily be melted and homogenized
and no devitrification was observed in the giass prepared.

The glass prepared as mentioned above was shaped into a substrate
of a size of 30 mm ¢ and %mm thick and subjected to polishing on its both
surfaces. Thus, the glass substrate for a WDM fifter was prepared.

The glass in each Example has the averagé linear thermal expansion
coefficient exceeding 100 x 10°7/K. Herein, it is to be noted that the average

finear thermal expansion coefficient was measured by a laser interferometry
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ca X ‘LLJ 18 July 2005 20 [Exanples 1-22] Table 1 shows a co#pagi2006n and
an average linear thermal expansion coefficient over a tenperature range
between -30 and +70 C in connection with each of Exanples 1-22 that has a
gl ass substrate for a WDMfilter according to this invention. The content
of each conponent in the table is represzZhted in nol % The |inear thernal
expansion coefficient is represented in a unit of 10-71K R O represents a
total anount or_ content of a divalent co nen%. - TQ; 253 of . this

SRt bean an off

i nvent i on wWi®eJPEPRALSKRANSIHETEIR! 1B YRp ierigrence.
t, d f id ItL , o
ESFPESSSndi Eée} o0 AR Gl vea Poye Rl Al S ublifhf eftiel Mg hirtrsed, |
cor? di n: ! vaih tne con
nterral s plr lferRiOfed M ok fbAfnl bEIHE Welier BARRAI Bnd A>T "o

a tenperat L RBhWE WeidrORadiftbabirl. t AYaltBautiIke sédwiionliraidigie Wag nace,

stirred, refined, hompgénized, cast into a nold appropriately preheated,

solidified, pand dnashiml leachePd®d. Thus, it has been confirmed that the chemical
durability was excellent. '

More specifically, provision was made about a glass substrate specimen

- which-was polished and which had a thickness of 1 mm. On the glass substrate
specimen is coated a dielectric multilayer which is formed by alternately
depositing TaoOsg and SiOp films. Sucha method of depositing the dielectric
multilayer may be a method that is usually used to deposit optical films and may
be, for example, an IAD (lon Assisted Deposition) method or the like.

In the example mentioned above, the film of TapO5 was deposited on
the glass substrate surface to a thickness of 24 £ m and, as a result, was in
contact.with the glass substrate. A high temperature/high humidity test was
executed in conhection with both the coated surface and ah uncovered surface

qpf the glass substrate at a temperature of 85°C in an atmosphere of relative
humidity of 85% for 600 hours. The high temperature/high humidity test may
- J be a typical method used in this technical field. After the test, both the
~ surfaces of the glass substrate were observed by eyes and a microscope to
estimate reactions and degradation on the surfaces. As a result of the
observation, no blur was observed on the uncovered surface of the glass
substrate specimen. Likevyise, no reaction was observed on the glass surface
covered with the optical muzltilayer. In addition, no peeling off of the optical
multilayer from the glass substrate specimen was also observed.
_ [Reference Example]
= Preparation was made about fluorophosphate glass which had a

composition.of 20% P20s5 - 20% AlFg - 24% CaFo - 20% SrF2 - 16% BaO



Description wll be nade about the glass of the conposition in Exanple 1
by way of exanple. Specifically, the materials wei ghed and 1&udifi260&nt |y

m xed were supplied into the platinumcrucible and nelted for two hours in
the electric furnace prelimnarily held at 1350 'C in accordance with the
above-nentioned steps. In each Exanple, the batch can easily be nelted and
honogeni zed and no devitrification was2Bbserved in the gl ass prepared. The
gl ass prepared as nentioned above was shaped into a substrate of a size of
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i mrersed into pure lask. After treatment in a boiling water
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reduction i.n welght was 0.1%or less for each gl ass. us, it has been
confirned tdiat thehgkslheiticatel glass, abspadiyelyas excel | ent. More specifically,
provi sion was nmade about a gl ass substrate specinen ich,-vvasﬁspo(LJ hed and
whi ch had a thi ckiesh glasa wamputyerized, pubisto a piainum E%e@% G&NDat ed a
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contact wi th, iehe -0l Rabiibdmisbedurbiftyoiat ereent ag edhparecwithdhe glassst  was
executed in connection with both the coated surface and an uncovered

surface ofintthe dloRsmantisigdEraraplea tenperature of 85C in an at nobsphere of
el stive [Experimental Example 23]

* A glass block having the composition given in Example 5 was shaped
into a dimension of 1 x 1 x 1 cm and subjected to polishing on two opposite
surfaces thereof. Thereafter, the gléss block was clamped by a fixing jig

“shown in Fig. 3. The fixing jig was made of SUS410 (thermal expansion
coefficient being 110 x 10-7K). Components 1A,B and components 2A.B were
) fixed by the use of bolts inserted into through holes to clamp the glass. Each
of the components 1A,B has a size of 1 x2x 2.5 ¢cm while each of the
components 2A, B has a size of 1 x1x 1 cm,
Afier the giéss was fixed by the fixing jig, it was confirmed in
accordance with the Japanese Optical Glass Industrial Standards "JOGIS 14-
1975 Measuring Method fof Strain of Optical Glass" that no internal strain
occurred at the room temperature (23 C). Thereafter, the glass and the fixing
jig were cooled down to -25 C. The strain was then caused in the glass and

RN _ was similarly evaluated. As a resuit, the strain of 1nm was obtained. Thus, it

has been confirmed that the strain induced by the variation in temperature and



hum dity of 85% for 600 hours. The high tenperature/ high humdity test may
be a typical method used in this technical field. After the18daly,2006th the
surfaces of the glass substrate were observed by eyes and a m croscope to
estimate reactions and degradation on the surfaces. As a result of the
observation, no blur was observed on the uncovered surface of the gl ass
substrate speci nen. Likew se, no reacti dd3was observed on the glass surface
covered with the optical nultilayer. In addition, no peeling off of the

tical | til f I b t ' . | b d.
[Ref or ence. SssifpIecTomr BEATRPEH RSB AR OF CBTDROLRNA S JISGE%Ai ch
had of 209 -120% Al F3 - 24% CaF2 - 20% SrF2 - 16% BaO
13 Jﬁl ycggggﬁ‘g%%ﬂ)é'ﬁb&%éﬁggg%gﬂl silicate glass which had arconposi ti oﬁ of
30% Na20 - 70% Si lg?on(lma%),e E]A'Qﬁ,pi%ggs were simlar to Exanples 1 through

t

22. The nelting nper at ur e was t and 1250 in the fluorophosphate

gl ass and the al kalborsdilidata@ioptiGhlagiass BEIASIDbLYBLD3, Nae (g \earblggOl baiegr

t hermal expansi on coeff icients were 125 x 10-7/K and 112 x 10-7/K in the

f | uor ophosphaingole, @ molBNd1 e lakal 6 nrilds, esspeativelys wasedapeti intdl g sizBach

gl ass was pul verized, put into a platinum basket, inmersed into pure water
in a flask. oAl et xtir eratareigubijected bo pblishjngandwobeppositersustaserdhereof.

reduction in weight was nmeasured. As a_result, the reductiogagi]n i ght was
0. 25% and 5%&@8?&% indheraranged sirAdan tato@mplesth doe plassywasrriaenPeq by e peen

firmed he_cheni cal bil i i £ 1 ith th
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shown in Fig. IXing J1g was nmade of SUS410 (thermal expansion
coef fi ci ent siagiargy ehEutedO- AK)a reconperResttain bAskinavah siomreentThub)itthaser e

fixed by the use of bolts inserted into through holes to clanp the gl ass.
Each been confirmed that the large strain was induced due to the variation in
temperature.
- [Example 24]
On the surface of each of the glass substrates for a WDM fiiter having

the compositions shown in Table 1, a 1.55 ¢ m bandpass filter of a Fabry-Perot

-

type was formed by the use of TapO5 and SiOp as a high refractive index
material and a Idw refractive index material, respectively. The film structurg
‘ was given by a combination of the glass substrate/(HL)"/H?L{HL)"H/air, wherein
H is representative of a high refractive index dielectric film; L, a low refractive
index dielectric film. From this fact, it is readily understood that the above-
mentioned structure was given by successively depositing, from the glass -
substrate side, seven combjnations of H and L films (fourteen films in total)
alternately deposited, two H films on the seven combinations mentioned above,
a single L film on the two H films, seven combinations of alternate H and L films.

on the single L film, and a single H film on the seven combinations. Herein,

each of the low refractive index dielectric film was formed by SiO2 as a starting

-
W

material while each of the high refractive index dielectric films was formed by



of the conmponents 1 A B has a size of 1 x 2 x 2.5 cmwhile each of the

conponents 2A, B has a size of 1 x 1 x 1 cm After the gl asdgwaly Zooged by
the fixing jig, it was confirmed in accordance with the Japanese Opti cal
G ass Industrial Standards "JOd S 14-- 1975 Measuring Method for Strain of
Optical G ass" that no internal strain "occurred at the roomtenperature
(23 ). Thereafter, the glass and the fii4ng jig were cooled dowmn to -25
"C. The strain was then caused in the glass and was simlarly eval uated.
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1 cmand S‘%H%a?@é{lfsghé\ﬂn@%é é&hﬁgsmanm@ﬁn?é iHpetradlas es +DItBmem/K was

Thereafter, manher simlar to Exanple 23, the glass was clanped by
the fixingbththeshoMnuisnit Wag. cohfitmeldeanat thedherfital sihbsibty vieaslveryt dxaeltait.
expansion coefficient of 75 x 1Q 7/K. In the manner simlar to Exanple 22,
the gl ass aFte gldsses ok imegoihieg commpesttiook avkre Hiroilany avaluaigs. t Menshawsdd in
the glass and was sinmlarly evaluated. As a result, the strai f 8 nm was
obt ai ned. Thedastcoluas mlﬁ@é}ledbﬂheNﬁwSttrﬁéwe@ﬂeOpQF)é@@/%%'ﬂ% B0nduced

due to the variation in enperature. a th r.fac ach
of the gl aM%W@W&P@”@%r n:gh%!ﬁ WRs € Eﬁrﬂg% ﬁﬁ‘ﬂ%@%@ﬁgﬁﬁfﬁ%ﬂ'%@ﬂ%ﬁm in
Table 1, a 1.5 m bandpass filter of .a Fabry-Perot type was fornmed by
the use of 8M4nd Si02 as a high refractive index naterial and a | ow

ermreat 0 o1 B ST S rTe A plremage e g ven by o
repr esent atindasferidtibd 8bndeahe@wiihvan intftint 4okl bedrmicanftid calcllated from the
refractive index dielectric film Fromthis fact, it is readily understood
that the abewective indexes and the thicknesses of the respective films in the film
structure and depend on the wavelength and the polarization plane of the
inldident-light beam. Each film in the film structure, namely, the multilayer has
an optical thickness which is usually equal to one-fourth of the wavelength
(A /4) or an integral multiple of the one-fourth of the wavelength (A /4). The
ﬁhigh refractive index material may be, for example, TiO2, Tan0s5, HfO2, Zr0y,
‘ CeQo, AloO3, Y203, ZnS, Mg0, Lap0g, CdS, and Si whi_le the low refractive,
J index material may be, for example, Sidg, MgFo, and ThF4.
Such an optical multi{ayer constitutes an interference filter of the Fabry-
Perot type and has a high transmittance within a narrow wavelength range and
a high reflection characteristic in a wavelength range near to the narrow
~wavelength range to reject tdhe light beam in the near wavelength range. Asa
result, the optical filter which has the above-mentioned optical multilayer is
appropriately available as the WDM optical filter.
[Example 25]
Provision was made about a glass substrate which had a diameter of 50

mm and a thickness of 12mm and which had a composition of 46.5mol% SiOp,



mentioned structure was given by successively depositing, fromthe gl ass
substrate side, seven conbinations of Hand L filnms (fourtee¢sdhlyl2085i n
total) alternately deposited, two Hfilns on the seven conbi nations

menti oned above, a single L filmon the two Hfilns, seven conbinations of
alternate Hand L films on the single L film and a single Hfilmon the
seven conbi nations. Herein, each of theslow refractive index dielectric
filmwas fornmed by Si02 as a starting naterial while each of the high

2?%? ?f}@“ﬁé@pﬁ%@é%@bﬁrﬁ%@a@ﬁgg : e L Car il Wal
flter ai %@Zﬂﬁ BickgnD bettianos syBatrolehngs bofag i afEhies; S‘a@?a&gi e
sitl Thus, |
\(,:Vggp gomEi? §ﬁ§$"$h§p£lg%lr ﬁiagégb 'a{@:'q\/\‘/ggq\aér%% giileeﬁt%ﬁpé}%é gl assest
of the ot h‘[?qlgﬁf?@‘ﬁfe fileP iR £ pababba lor 18¥AINAWEE ddiosiBa um oo of fie | ast

colum in etween -0.0008 nmi K and +0.0020 nnmf K were

obt ai ned. Hipmces! Mﬁeosmmtwgmtmsmfse.msmh meaibned yefons, arer y
excellent. Herein, it is noted that the transmttance and the refl ection

char act eri $nhicedl mmeemeﬂngamBmManne ibdads (hamkly, theaimterxal betwegndiieat ed

fromthe refractive indexes and the thicknesses of the re% ectiye filnms in
the film ﬂanmrtfcecwmceﬂmﬁdbﬁdr&mmlﬁ@%b@%ﬁigﬁﬁ ﬁ%'dﬁ‘ttﬁéop PL Qt45% pl ane

f th dent-light b Each f th th
mul i ayer Seecalpeichcal mibiaes dam seposiea e suiory BighteS: boRE a0y

AT R 5 T A oy g, L,
1%, 1220 8000 ARy G st

ex material my for exanple, Si02, MF2,

and ThF4. SEE t@;lé’é& QR Wﬁ'é'thidn@HGI‘ForﬁQ!ﬁ'éhh&dﬁl&éd@mrﬂanbe;'d@tceactmcan&r of
t he Fabry- Perot type and has a high transmttance within a narrow

wavel engt h gtangen endxpdsea ghar irfaet subjectbd taopticalgialishing. a Quwaths Eaegt h
range near to the narrow wavel ength range to reject the |ight beam _I r& t he
hear wavel engtdeerexpgeed Ay the optical polishing, an anti-reflection coating was applie
Thereatfter, the glass substrate processed in the above-mentioned manner was
cut into a plurality of pieces each of which had a typical size of 1.4mm X 1.4mm
. in this technical field and which were operable as optical fitters. Each of the
“thica! filters was estimated about temperature stability at the center

wavelength of the transmittance band which may be called a transmission

R

center wavelength.

Referring to Fig. 4, illustration is made about a variation of a
. transmission center wavelength within a temperature range between 0 and
60°C. Itis noted that the above-mentioned temperature range is very
important for estimating filter characteristics. As shown in Fig. 4, a negative
temperature drift has been observed at a temperature not higher than 25°C
while a positive temperature drift has been observed at a temperature higher

than 25°C, namely, not lower than 30°C. However, it has been found out that

o i _ such temperature drifts are extremely small, as readily understood from Fig. 4.

Taking this into consideration, it can be concluded that an average temperature



"result, the optical filter which has the above-nentioned optical nmultilayer

is appropriately available as the WDM optical filter. [Exatglay2605

Provi si on was made about a gl ass substrate which had a dianmeter of 50 mm
and a thickness of 12mm and whi ch had a conposition of 46.5nmol % Si 02, 18
July 2005 25 3. 3nol % A1203, 19. 6nol %Na20, 7. 0noi %20, 16. 6ol %t 02,

5. 2nol %80, and 1. 8nol %ZnO. The gl ass Kafstrate was polished on both
surfaces thereof. Thereafter, an optical nultilayer which forned the
50CGHz-type Fabry-Perot interference filter having a pass, band of 1544 nm
was deposi t @it Brvesnisnall wiin tae iltustraied tamperatuse QQ/\BN‘att?%h@ﬁ’i ssi on system

The i nt vaiﬁ%%ﬁaiﬁag@% e Dy EnaR tffeﬁ%ﬁ@ ek AR bands)
Gopos tod Sy EEp BhodriAReq BBTELS GAYe bipeP<alin Bilid podtfle 108 |
al ternate A}?t%ﬁ?ﬂ%saﬂfre]i‘?‘i%% ﬂ“ﬁﬁe%b@%e%ér’f@né@ﬁb RACRE efettdRirdd 8B al N

ter al miltl

nunber . , eposition of the optic ayer, the glass substrate

was t hi nnedmbirPavaik®|d GaySiattreSHidAeemperute), &n ehirckippstabtd 1 mMmto
expose a rear surfrace subjected to optical polishing. On the rear surface

exposed by teheparpture @hapmdteddtiogan be estihilished Wwitbin ansoabvoridngvas appl i ed.
Thereafter, the glass substrate processed in the above-nentioned manner was
cut into a @mndrciment (obt po bighstesaranire wavispnmadt)a typi cal size of 1.4nm x

1.4mm in this technical field and which were operable as optical filters.
Each of the opti cAf mentiosed twigreegms@pgmo&qﬂ?ﬁpﬁ@%{%ﬁ@%@@eﬁrﬁp@m § at

th t I th of the t | tt band whi ch . | ed
e oot ot e TS BB bl S BRI RS o BB L B RS s8R 7™ e
about a varéﬁbgﬁp%@ﬁzgo%gdﬂ@ reRiRY iRERE Ylasies(@ls@ag.n Wi thin a tenperature

range between O ar s noted that” the above-nentioned tenperature
range is very inmpRstafbefdiiredit SRGWAG Fldt.)fzﬁé RERIREH B bddmiSarafiselghown in

Fig. 4, a negative tenperature drift has been observed at a tenperature

not hi gher adwow2sf@perature region adjacent to the room temperature. However, it has
been confirmed that an average temperature drift was equal to -0.0004nm/K
within the temperature region between -20°C and +40°C, when the estimation
has been carried out in a manner similar to Example 24. The glass of the
optical filter had an average linear thermal expansion coefficient of 112.5 x

"107/K within the temperature range between -30°C and +70°C.
Referring to Fig. 5, the optical filter for WDM has a glass substrate and
a stack of TanoOs5 and SiO» films alternately deposited on the glass substrate.

" In the illustrated example', the TaoOg film is in contact with the giass substrate,
as mentioned before, ar_ld the TaoOs films and the SiOy films are partially
omitted from this figure.

Referring to Fig. 6, an average linear thermal expansion coefficient and
a temperature drift at the transmission center wavelength are taken along the

abscissa and the ordinate, respectively. Herein, the optical filter is structured

by the use of each glass substrate enumerated as Examples 1to 22anda . .

N relationship between the average linear thermal expansion coefficient and the

- temperature drift is illustrated about each optical filter.



while a positive tenperature drift has been observed at a tenperature
hi gher than 25C, nanely, not |ower than 30C. However, it . ht&Jieedod ound
out that such tenperature drifts are extrenely snmall, as readily
understood fromFig. 4. Taking this into consideration, it can be
concl uded that an average tenperature 18 July 2005 26 drift is very snall
within the illustrated tenperature rang&7and that the tenperature drift
may be regarded as zero at a tenperature adjacent to a tenperature range
changed fromthe_negative t eratyre drift to the positive tenperature
drift. If the abgﬁﬁnﬁ€ﬁ¥W8ﬁ§§P RRferature is determned as a main
avai l abl e tenperature (room.t t ture
B BPEH TR B BN Rle 22 BALHARS: i P B erares

characteristic c h~a usua I'ng environment (not
so high teppe g‘iﬁ, i ongdybsfateaglass. is to be noted
that the tgﬁep{égéa#fjgg%ger{%@%ﬂtca E%%’ @régér:ggtr?e%]i nto substantial zero at the
room tenper at ur ey i eAdHAbE SRR ExaMASLA OhoBBGramehTALiadsl aidodl [ n the
gl ass substrate. e tenperature drift shown in Fig. 4 is neasured in a

conpar at i vVedppefireoepitesicgloltiee pegk avavaltingtientAs @ reReltribenidiusler at ur e.
However, it. has been confirnmed that: an average tenEer ature drigl,ﬁi was equal
to -0.0004000065 minfiiwast dlstainedp e dbwes thuseeprdiimesithaeine- hermakakiiic,  when
the estimation has been carried out in a manner simlar to Exanple 24. The
gl ass of t meas pgariasetompatest withdhaflten@fitigd"Y§HIYA: t her nal  expansi on
coefficient of 112.5 x 10"7/K within the tenperature range between -30C and
+70C. Referri ng‘ﬁléxamate %‘?’] the optical filter for WDM has a gl ass substrate

and a stack of 205, and. Si 02 .fil i i tgd ass
substrate. In th&XH JERAR 986""@?3%?@%5@% ia%g £ i rénhggébicﬁ&ggﬁléact with
the gl ass Lati&al 6 A ef 1 shodvst dechiemabic bidgramaiodusae Si 02
films are %gbﬁ gﬁ‘fwgal ﬁ(')%??% ’f&%&ﬂ?ﬁl SPPFAWe. SR%fgrri ngctogll?g. 6, an

average | i neqpstighgahn spdtanshon oﬁﬁ@élfrhm'tigl@kin@mbmaltipmtg catied atibyt at

the transm ssion center wavel ength are taken along the abscissa and the
ordinate, rgspariuplioxerkdereiltiplexke optical filter is structured by the
- of each glass Osnu’?hset c;lg:sg sﬁggtrrraetrea\}vﬁigh?s? fctl?l)'(naercriptl)yeg?;Ia%,sts(c)alezc%eé1 ?rgma '

Exémples 1 to 22, a dielectric multilayer film is deposited to prepare optical

ﬁlters (4A, 4B, 4C}) having transmission wavelengths A1, A2,and A3,

respectively, and reﬂectihg other wavelengths. Signal light composed of the
“wavelengths A1, A2, and A3is supplied to these filters. Then, the signal
light is split or demultiplexed into the wavelengths A1, A2, and A3aiter |
passing through the filters. Thus, the above-mentioned structure serves as a
device for spﬁtting or derhu!tiplexing multiple wavelength light into individual
wévelengths. If the light traveling direction is reversed to that illustrated in the
figure, the structure serves as a device for multiplexihg or combining the
wavelengths A1, A2,and A3 together.

Next, Fig. 2 shdwé a schematic diagram for use in describing an

optical multiplexer/demultiplexer (combiner/splitter) for demultiplexing or

splitting each wavelength component from a signal light beamr including four

s wavelength components.

“ W



rel ati onshi p between the average |inear thermal expansion coefficient and
the tenperature drift is illustrated about each optical . fihganly2085July
2005 27 [Conparative Exanple 2] In the manner simlar to Exanple 24, a
bandpass filter was prepared by the use of a borosilicate optical glass
BK7 as a substrate glass. In the manner simlar to Exanple 24, neasurenent
was made of the tenperature dependency 2% the peak wavel ength. As a
result, the value of 0.0055 nm K was obtained. It was thus confirnmed that

h h I bilj d wi,th fil . hi

e e Bl b o P B Rkl B SRR 2 e
sccor 8 00 0yt WP B e 68 B6°5Lr4E KM e e bt
ULt 1 X QLA ) BXARREY [) 88y BTl ftor pabase

sel ected fremRmbEXPeBapspardn® fcta signdn he olavielerigih biahdy eThese filtes izyeosi t ed
to prepare optical fil ?ers (4A, 4B, 4Q) having transm ssion wavel engths A
1, A 2, andiAn3misdi®spevtiengths /and A af Ne;tdnay /o4 hrespaativgly ngdigsal I§hgnal

| i ght conmposed of “the wavelengths A1, A2, and A 3 is supplied to these

filters. Théwavelaegthisgnali, A Rgit 3j st 4memittedrfrerarusinpla-eesg fiter &SMi@ 9 is

I ths k 1, A 2, d A3 after . i ng t .the filt Thus,
the. above. meslinisied b Goe. and b pewert heceLaBRa T dr g T
d | tiplexi | tipl, I th.light_into indivyidsal,. | f
the 1§ ght t PRBaM S oBiTustialeh 1 e vl ol wvkliHath i3, By FaRS
fi , th { t ' | ' i ni th
el engt e HopSF A SoTfH s 3P, FolREN 19, Bns A\ 1) BRSE P, TS L TE
diagram for aysfied froff AHARNBOAAN ThaRAVeRingTH! RiDidtetredRawblonginees light,

(combiner/splitter) tiplexing or “ splitting each wavel ength
conponent f ro the ARAndthoita Rgtamré neflactéd by tioe opticalfitice 54t to woinsisestt s.

18 July 2005 .
to the optical filter 5B as illustrated in the figure. At the optical filter 5B, the
wavelength A 2 light is split or demultiplexed to be emitted from a channel B in
the manner similar to that mentioned above. Likewise, the A3 light and the
A 4 light are emitted from channels C and D, respectively.
In wavelengfh multiplexing transmission, let the optical
“ , muItiplexer/demultip!exef apparatus have a single mode fiber (SMF) 9 arranged
on a transmission side and single mode fibers (SMFs) 10A-D arranged on a
L reception side. Under the circumstances, the apparatus serves as an optical
demultiplexing apparatus for demultip!éxing a single light beam into a plurality of
the wavelengths. If the light traveling direction is reversed to that illustrated in
the figure, the apparatus serves .as an optical multiplexing apparatus for
multiplexing a plurality .of light beams into a single light beam having multiple
wavelengths. At any rate, it is possible to attain the optical
multiplexer/demultiplexer apparatus which has a temperature drift between -

0.0025nm/K and +0.0025nm/K and which has therefore a high reliability.

Particularly, the illustrated optical multiplexer/demultiplexer-apparatus has a

g
vl

high reliability in wavelength multiplexing communication in which wavelength



28 As illustrated in the figure, an optical demultiplexer or splitter is
obt ai ned by preparing optical filters (5A, 5B, SC, 5D) fornadJay 2008 use of
glass selected fromExanples 1 to 22 and by fixing each optical filter to
a base nenber 6 transparent for a signal |ight wavel ength band. These
filters have transm ssion wavelengths A1, A2, A3, and A 4,
respectively. Signal light (wavelengths:z9A 1, A2, A3, A4) emtted froma
single-node fiber (SMF) 9 is collimted by a lens 8 and is incident to the
optical denu[tiplexer or splitter apparatus_as illustrated in the figure.

The wavel er@mpW%”tﬁi%ﬂtVe%CIPﬁﬁrﬁg@Pﬁtaé@thqfﬁﬂiﬁhémi@*hgeﬁﬁﬁ-cal filter 5A,
coupled by a lens, 7A t.o an SVF 10 and is emtted . froma chanpe| A .The
wvel ength A 21 Aot Biinkagior deearmbiaRgddhe Aess Bobata Ahihy
light are r . i fi gl L Q. opti cal
(i ter sp 489 7 PR irtin o, eftuhehtheafict Peslfiebls o e, 4fge™
~wavel engt h [Wala) gy il i Ber eyt & om a channel
B n the rieest@l avetabPthbalhefRIl R oMoty BumEn 1L O 5 Flght
~and the A 4ddrgptiaf’ for @i Wa@d!én@ﬂﬂhﬁwﬂﬁi@tipﬁéﬁﬂ?_(WDM?%B&%MM@U-ln' n

wavel engt h nmul ti plsexi ng transm ssion, |et the optical .

mul ti pl exerddtition, tthptedey alapbtained thaWDR optivgl itenated fridepticaBMVF) 9
arranged on a transm ssion side and single node fibers (SMFs) 1 OA-D
arranged onmeltipfexesidenudtipleder appatetus Whichiis yenssearced) theniempgaratuae wiift

serves as an optical = denultiplexing apparatus for denultip] exi ngb}a si ngl e.
li ght beamatibe Teniprovayelenaigrwithindhepass bage mad whichimas q Bugh reliaRidlyi ng

direction is reversed to that jll ustrgtgg in tt{e figu {s theka ar at us
Serves as AP ETRUIRLYE YAV appEERGneTS, s pERBeLe MRAtS ural i ty
of light beaps..i i ngl: ' ' ' t
any rate, renperdhfe Bk ARRu| 8 the ERRSERIC Y fdl f pE TR b,
appar at us whiid RIBeLAU ' inclRieR0A HME Rflas th

+0. 0025nm %Héndlﬁlé%ﬁuhas t %ﬂf?lgggfcﬁl h \réglf?lgbi I iety. Parti cu?sarley, t he
i1l ustrat edjlasd reabrianl ti pl exer/ denul tipl exer apparatus has a high
reliability in wavel ength multipl exi ng communi cation in which wavel ength 18
July 2005 29 conponents are very close to one another with a high density.

e



According to this invention, there are obtained the glass substrate which
has a sufficient hardness, an excellent weather resistance characteristic,
and the desired average |inear thermal expansion coef flifcidéde, 2888 which is
appropriate for the wavel ength division multiplexing (WOM optical filter.
In addition, there are al so obtained the WDM optical filter and the opti cal
mul tipl exer/demnul ti pl exer apparatus which is very scarce in the tenperature
drift at the Center wavel ength within the pass band and which has a high
reliability against a tenperature vari®lion. Furthernore, it is possible
to make the tenperature drift mninmumin the tenperature range used as the
optical f¥la®¥ by adjusting anpunts of specific glass conponents i ncl uded
in glass used as the glass naterial 18 July 2005 30 d ai ns:

wavel engt h divi sion mul tiplexing tical filter conpr|3|n an opti cal
nul tilayet- coatfelavsengty QWE&E@“@?'P‘QX'@Q %BNB @pHea fiter coppasing a9 @pg@ﬁbst rate

being fornmed fy@fhgradatcdtincdsiret biggiash ngstfgtghe Gass ﬁﬂﬁﬁtr& iy Ris an

al kali nmetal elenment) and which has an average near t xpan5| on

coef ficient tHemgdkirereglasaivhich ingudes Sy, Jr*pi,@n@ ReCdphetedt isramn alkaliay er
coated on the shdafdighént) Qﬁ'tﬁjwhﬂﬁ%ag@h%%er%@é‘ﬁﬁ@é?tﬂ&ﬁual‘eﬂﬂ% Zloﬁ"agefﬁégntx 10-7/K

wthin a terrperature range from-3 . A wavel ength dl Vi sion

mul ti pl exi ng (\lE)is epfefreined iy netadipn tsbthﬁppgmhg%%ax@pmia@ on tfif subst coat ed
on a surface ofang 19438k b%'tkpéérfﬁdoex1(§hé‘ncﬂ’iﬁf§1§(m%trhﬁ1t§tel?ﬁde'ﬂélurefr‘é ed from

gl ass which includes, as essential conponents, Si 2, R20 (where is an

al kali netal |fmn$t)°0mu70ﬁco2 t he essenti al corrponents bei ng not | ess
than 60 mol %in total so as to adjust an average linear thermal expansion
coefficient to a predetermned value. 3. A wavel ength division multiplexing
(WDM opt?.cal fA waaengimgivisinmultipiexdiny (WEBM) optidal fikeryempoising ed opticah sur f ace
of a glass sub I whi ch

i ncl udes, as ezﬁs%ﬂ%fer cB%gggﬁ%%£BQ§¥%§a§§ggﬁ%%}]e ftl?e(EEQSI %Jbgﬁgtglt% nmet al

el enent), and Torgred froe ghassevhithainclodes enessentibb¢éampapestst &iO,, Ra@riwbareh

amount of the B UG QPRGBS AL, tAGsEhEa S8R EBhd R being not less

than 60 mol % in total so as to adjust an average linear thermal expansion

coefficient to a predetermined value.

- 3. A wavelength division multiplexing (WDM) optical filter comprising an optical
multilayer coated on a surface of a glass substrate, the glass substrate being
formed from glass which includes, as essential components, Si0O,, R;O (where
R is an alkali metal element), and TiO,, the essential components being greater

- ) than each amount of the remaining components other than the essential
) components so as to adjust an average linear thermal expansion coefficient to a
predetermined value.

4, The WDM optical filter comprising the glass substrate as claimed in claim 1, 2 or

3, wherein the glass substrate comprises, by mol%

SiO, 38-58%
TiO, 7-30%
-AI203 0-1 2%, and

total amount of RO  15-40%



conponents so as to adjust an average |linear thermal expansion coefficient
to a predetermned value. 4. The WoM optical filter conpri $8ogyt2besgl ass
substrate as claimed in claiml1l, 2 or 3, wherein the glass substrate
conprises, by nol % Si O238-58% Tj 027- 30% A12030- 12% and total anount of
R2015-40% 18 July 2005 31 5. The WDM opgjcal filter conprising the glass
substrate as clainmed in claim1, 2 or 3, wherein the glass substrate
conprises, by nol% as R20, Na2010-25% and K204-15% 6. The V\DM opti cal
filter commpri smgvumogi;@ﬁﬁlté?rtcb&tphaﬁhgtt@@g@é@sm%téﬂas:&lahﬁuln clairff, 3.or
wherein the gl S@'@? i te c rises, 9@ % Si 023$ 55% Na2013- 25%
K202- 15% Ti 021 I5'A, BSSSUsiTate CORIPTIGESvVIDY TR %aPS RePt er conpri sing t he
gl ass substrate as cl ai m&glzd nclaiml, #-25%, gnd Wherein the glass substrate
i ncludes at | east one species of oxides R' O selected froma group

consi sting of alkaline h netal oxi d&d°%nd zinc oxides. 8. The DM
optical filter conprising the gl ass substrate as claimed in claiml, 2 or
3, wherei theH_g %ﬁwsub% ate includes, mol % a total amount of R O
bet ween 2% and™L gptic t"WﬁWGﬁ?*F%&Te $*F‘§% %LﬂbSHBF?p@Ei <riRtgdim glagn ds 4 or

substrate as c3 aitBeéinittie hed $0bbtratd BMmprides, WeRAH) the gl ass substrate
i ncludes R O MQ0-13% CaQ0- 10% Sr QO- g%

Si0, 38-55%
Na,O 13-25%
K20 - 2-15%
TiO 10-25%
AlLO; 0.5-8%
7. The WDM optical filter comprising the glass substrate as claimed in claim 1, 2 or

3, wherein the glass substrate includes at least one species of oxides R'O

selected from a group consisting of alkaline earth metal oxides and zinc oxides.

8. The WDM optical filter comprising the glass substrate as claimed in claim 1, 2 or
3, wherein the glass substrate includes, by moi%, a total amount of R'O between
2% and 15%. |

') 9. The WDM optical filter comprising the glass substrate as claimed in claim 1, 2 or
' 3, wherein the glass substrate includes R'O,

MgO 0-13%
Ca0 0-10%
SrQ 0-8%

BaO : 0-6%, and
Zno 0-10%

10. The WDM optical filter comprising the glass substrate as claimed in claim 1, 2 or
3, wherein the glass substrate includes, by mol%, -



BaQ0- 6% and Zn(Q0-10% 10. The WDM optical filter conprising the glass
substrate as clained in claiml1, 2 or 3, wherein the glass substrate

i ncl udes, by mol % 18 July 2005 32 MyOL- 13% ZnQ0. 5130%:1ando&52030- 1% 11.
The WDM optical filter conprising the glass substrate as clained in any one
of clainms 1, 2 or 3, wherein the glass substrate includes, by nol %

Zr 020- 2% Hf 020- 2% La2030- 2% and Y2030-2% 12. The WDM optical filter
conprising the glass substrate as clainmed in any one of <clainms 2 to 11,
wherein the average |linear thermal expansi @ coefficient falls wthin a
range between 100 x 10-71K and 130 x 10-7/K within a tenperature range
from-30 C and +70 C. Mg® The WDM opt iletd%filter conprising the gl ass
substrate as clainmed Lp~claim12, whereif,t average |inear thermal
expansi on coefficient 2H(e-a)l s within a ?’afna@b"" %@% ween 105 x 10-7/K and 120 x
10-71K within a tenpefat@yw e range from180 C and +70 C. 14. The VDM
optical filter conprising the glass substrate as clained in any one of
claims 1 to 13, wherein a Knoop hardness is not snaller than 455Moa. 15. An
opti cal #lil t Siheddbpropdicalditencamprisial thenglass salysirate esitlaiinashintang opamcf ace of a

| bst rat | ASS,. . ' | ass whi ch
Pnt udes S ot 3,28 SRR ARARE GeREuRtn BBy M OCPSTonD) “and whi oh

has an average |inear thermal expansion coefficient that is determned in
relation to the optical ltilayer coaf on the substrate and that falls
43% T8

bet ween 100 x 10"' and x 10-71K wThin a tenperature range from-30 C
and +70 C. 18 July 200%ifO, 0-2%
' La,O; 0-2%, and

Y,0, 0-2%

12.  The WDM optical filter comprising the glass substrate as claimed in any one of
claims 2 to 11, wherein the average linear thermal expansion coefficient falls
within a range between 100 x 107/K and 130 x 107/K within a temperature range
from =30 °C and +70 °C.

13. The WDM optical filter comprising the glass substrate as claimed in claim 12;
wherein the average linear thermal expansion coefficient falls within a range
between 105 x 107/K and 120 x 107/K within a temperature range from =30 °C
and +70 °C.

14. The WDM optical filter comprising the glass substrate as claimed in any one of

claims 1 to 13, wherein a Knoop hardness is not smaller than 455Mpa.

15.  An optical filter comprising an optical multilayer coated on the surface of a glass
substrate, the giaés substrate being formed from glass which includes Si0,, TiO;
and RO (where R is an alkali metal element) and which has an average linear
thermal expansion coefficient that is determined in relation to the optical
multilayer coated on the substrate and that falls between 100 x 107 and 130 x
1077/K within a temperature range from =30 °C and +70°C.




33 16. An optical multiplexer/denultiplexer apparatus conprising an optical
filter as <clainmed in claim15, wherein the optical nmultil aygdulg@iPsi ses a
plurality of dielectric filnms having a band pass function due to optical
interference. 17. An optical filter as clainmed in claim15, wherein a
tenperature drift at a center maveleng%h of a pass band falls within a
range between -0.0025nm k and + - 5nm K. 18. An optical

mul ti pl exer/demul ti pl exer apparatus conprising: the optical filter as

cl ai med i m6.cl aAm ddicair maltipieNeridomul@blextr respacsu® fcofPAsifd Ginu bb’ditgai gitas as Whi ch

is used as a gI ubstrate of a velen h lVISIOﬂ nultl Xi n

optical filter® H'f'eﬁjéﬁ' 6 'rﬂeﬁos‘?’qqrﬂa i OFE}}S%{ OUfHIRNEF (Gompriges PS‘ﬁa'Itg °§c| xedl y
attached to a eigktrmicsin haey gbasspadsdandtioheluansloptithi isterbamca. band pass
filter function, the nethod conprising the steps of: adjusting amounts of
Si 02, alkali metal oxides, and Ti Q2 operable as glass conponents so that

an ave[) ager.li nﬁg(r;)ptiéh&fﬁlf@ﬂ a@&l@ﬁrﬁ%lbmnclzﬁfgﬁfif% i/meaﬁwhé adrhFerautdim at aceefdri ci ent
range et ween X X within a te r range
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amounts of R200.a02b5nh/&R are adjusted with reference to an avail able
tenperature range of the optical filter so that a tenperature drift
becones m nimum at a center wavel ength of a pass band of the optical

mul tipl ayes. w AmbptidahmudipRxer/demnilipeesd sbpameisaioripisihgnge.
the optical filter as claimed in claim 15 or claim 17.

19. A method of ma‘nufacturing glass which is used as a glass substrate of a
wavelength division muitiplexing (WDM) optical filter formed by depositing an
optical multitayer which is fixedly attached to a surface of the glass substrate and
which has a band pass filter function, the method comprising the steps of:
adjusting amounts of SiO,, alkali metal oxides, and TiO, operable as glass
components so that an average linear thermal expansion coefficient falls within a

~ coefficient range between 100 x 10 ~ and 130 x 10 ~/K within a temperature
range from —30 °C and +70 °C.

20. A method as claimed in claim 19, wherein the amounts of RO 'and TiQ, are
-adjusted with reference to an available temperature range of the optical filter so
o that a temperature drift becomes minimum at a center wavelength of a pass band

of the optical multiplayer within the above-mentioned temperature range.





