18 July 2005 WDM OPTI CAL FI LTER AND GLASS SUBSTRATE FOR USE | N THE VDM
OPTICAL FILTER fl Background of the Invention: This inventi®nyebgges to
an optical filter used in a field of optical comrunication to select a

i ght beam of a specific wavelength fromnultiple wavelength |ight
conponents. This invention also relates to a glass substrate for the
above-nentioned optical filter. In particular, this invention relates to a
VWDM (wavel engt h -di vi sion multiplexing) optical filter. This invention al so
relates to a glass substrate for use in such optical filter. In such VDM
(wavel engt h di vision nultiplexing) communication, _comrunication is carried
out by conmbining |ight beans having wavel engt hs slightly different from -
one another into a conbi ned I%g&t beam and, inversel splitting or

demul ti pl exi ng the co¥dPMeaPI L%mtm@@msmésa@we a specific

, \Alg;/:::le?%;{] !t_lhghgp'??gg} f rﬁaéﬁﬁém@%ﬁﬁﬁ&ﬂﬁgrﬂﬁ andI tseIer ;?I ogehas

~-been-call-ed a WDM (Wavel engt h Di vi si on Ml ti pl exi ng)- optical filter. As-
such a WoMoptical filter, there are known WDM optical filters described
in JP-A H10- 339825 and JP—A H10- 512975. Each of the optical filters
described in these publications conprises a glass substrate with a
dielectric nmultil gg ing YantibhO2, Ta20b6, or the like forned

t hereon. Such a diel ectrlc nu t| ayer filmis operable as a band-pass
filter (BPF) by girhisiaventomeiates tafancapticanfiten usedan efidld oflopticstavel engt h
light beamor which reflects the particular wavel ength |Iight beam As a
rul e, the coobBunigationto skliechalight béarnedtar speaifid wawgegthrfrcbrm multipleposi t ed

is formed by a glass 18 July 2005 _2 material, such as silica.
wavelength light components. This invention also relates to a glass substrate

for the above-mentioned optical filter. In particular, this invention relates to a
WDM (wavelength division multiplexing) optical filter. This invention also
relates to a glass substrate for use in such optical filter.
| Iln such WDM (wavelength division multiplexing) communication,
communication is carried out by combining light beams having wavelen.gths
slightly different from one another into & combined light beam and, inversely, by
’ splitting or demultiplexing the combinéd light beam to selectively derive a
specific wavelength light beam from the combined light beam. Hergin, itis to
be noted that the optical filter used for light combination and separation has ‘
. been called a WDM (Wavelength Division Multipléxing) optical filter. Assucha
WDM optical fitter, there are known WDM optical filters described in JP-A H10-
339825 and JP-A H10-512975.

, Each of the bptical filters described in these publications comprises a
glass substrate with a dielectric mulitilayer film of SiO, TiO», TagOs, or the like
formed thereon. Such a dielectric ‘multilayer film is'operablle as a band-pass
filter (BPF) by giving é function which fransmits ‘a particular_ Wavelength light

beam or which reflects the particular wavelength light beam. As arule, the

st

substrate on which the dielectric muttilayer film is deposited is formed by a glass



In the neanwhile, it is recently reported that, in the optical filter of
the type, a center wavelength in a pass band is drifted duesgg,yaph@tion in
tenperature. It is also reported that such tenperature drift depends upon a
t hermal expansi on coefficient of each of the glass substrate and the
dielectric nultilayer film (Haruo Takahashi, Applied Optics, Vol. 34[4],
pp. 667-675, 1995). In the above-referenged 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

di rection) Waerialhgughas glica. expansi on coefficient of the glass substrate

is smaller than a rzn%g determ.ned. for thernal (froi)erties of the

ﬁi eldecft ric multilayef %EL?W g g)i%'éﬁ%’lng)ﬁ refl‘f‘ff@ ‘ih@ ’é’ﬂtﬂ.‘? Qﬁcﬁlﬁ?ebpﬁer

and, in c r Xxpansi on. co i.cien Q ] . ass -
Cubstrate ;e BELE a2 R SR fftef R BaaBle Faver engt n
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~i-8 -undesi-ra rge, tercharacteristic, 1. ransn s

wavel engt h tafraied eRBANSINR EbESiciePl bPBHAW of e GRS SGhdtrate RAAhE Affelectric
tenperature. In particular, if the bandpass filter is used as a narrow

band fi |t er mulitlayendimplHaruo Takamashii AggliedOpticg Vet e34[dE ppl Geplersenogsed in
a wavel ength nultiplexing transm ssion technique of optical conmunication,
t he i nfl uence becoradhe sboveuefchencassartisies Hescripiiondsymeaxdelabouisthedacit
Inevitably restricts a transm ssion density. Follow ng an increase in a

degree of wHAPEHRIter Wavklenginewiting the pase band dedritied phepidigditayattsand for
1 1 emper at BPRHGE ARBFOTE L ZaRAG ICEIIET YiAYPI O LS EP TR EBP IR ng ¢ he
Sae Ot Sl BECABER B oGRS b FRRSP ok BB Bt,
o Sebae A eReteS M4 BRASHE S Spn esgLRbErsble O 111 culty
appar at useschsffieight. "ODA tigX BRIEFIHeRd, #Bcadd WhaRDhe tBermal expansion coefficient
of the glass substrate is excessively large, the drift of the filter center
wavelength occurs in a negative direction (shorter-wavelength direction).
If the drift is undesirably Eargé, a filter characteristic, i.e., a transmission
wavelength unfavorably varies following the change in opefation temperature.
h!n particular, if the bandpass filter is used as a narrow band filter, for example, in
an optical multipiexer/demu[tiplexer used in a wavelength multiplexing
transmission technique of optical comm.unication, 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 fiiter having a
more stable characteristic over the variation in temperature as well as an optical
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.

Therefore, the difficulty in assuring a long-term reliability is increased and

devices and apparatuses become more expensive.



As. descri bed above, the tenperature drift of the bandpass peak wavel ength

- constitutes one of factors that obstructs a high density opysaal 2005
comuni cation. In addition, conventional optical filters are

di sadvant ageous in that peeling off of the multilayer fromthe gl ass
substrate is liable to occur due to a tenperature variation. Summary of the
I nvention: Taking the above-nentioned background into consideration, this

i nvention has been <created so as to reduce a tenperature drift at a center
wavel ength of a pass band and to thereby avoid peeling off of the
dielectric multilayer: Mre specificalBy, it is an object of this

I nvention to prA@,VhQs%riBec{‘%\Sﬁlée,gﬂh@?t% 'égagﬁr%a&rﬁt %itﬁé‘ll{%ﬂﬁp%sdﬁﬁﬁ rﬁﬂg%lj@ﬁg’tﬁa'

expansion coefficient and esire nposi tion. s anot he ect of

t hi s i nverensities enemf fagtogethatobstyts 2 high fiensite pptisalcoamupizationl

mul ti pl exer/denulti.pl e t which has.a high reliability an ich
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“I't -i-s--anotiiilayenbrpre the gidsstshbstrataiy @atilé roctr doe Gva denparatet hadhtioh: -manuf acturing - -

glass which has a th rmaﬁl expansi on coefficient pertinent to a substrate
material for aﬁ@@%ﬁ’#i pl exi ng/ demul ti pl exi ng optical filter. Such
‘glass can be oOf&NAEE FWpvegrntienad hagkarRunthipiprionsigeralipr dhis inveglionsizas been

conpo ge gtﬁeatd&ﬁ?) bl itc}(ﬂ%dg_@e a tehpsiatds ![ﬂ_ﬁﬂl]fat af cantdr Srvdvaléﬁg’t? !o«arai péfs_hla;raﬁdim to
provi de vel e i yision . ti Xi n [ cal filter _
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t he gl assm&utigt tatpeodids =g ndwal ngaksf suetrgteashichhhadh a desitede theGn&2 exptinéidn and
R20 wh j i e i,ch. . rage |inear
hermal  Segbishtns & borkfistonth & Eiky BT ISRy BEVIBU
optical alieal filigy eand Evaantidal gnultiviexes/demuitipiexer doth ofhalich has lashifte reNekility B0 x
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C, According to a secon inventilon, there I1's provided a

wavel engt h di vijtsis GiotheH bgj B &XhRGn{(NM tORFdVIR! a Thdth RS oL RBRIMSILAY §8ss
optical nultilayer coated on a surface of a glass substrate, the glass
subst r at &hisBiNRg & Hemeal ekpassion | castciant Rentineniclouti substrale raatseditforar warelensihent s,

component L BRPRE/ Sl RpRapE obed, 8 Sror Sl gHEa bs oBhed o floop b g3 ERA P!
aver age [of spesific glessenompbnestpansi on coefficient to a predeterm ned val ue.
\//A\v; \(;glr glngtght gi 3‘“&?%{!}% %sg %Fsrt ag;;ecE Q# t?xislirrtl\\/e% |£[)r|1,(¥I[|1ére tlshgrrme/id!ag a%a%\é,etqgtﬂ d?vision
multiplexing (WDM) opticat filter comprising an optical multilayer coated on a surface of a glass
sﬁbstrate, the glass subsirate being formed from glass which includes SiO,; TiO; and RO
(where R is an alkali metal element) and which has an average linear thermal expansion
coefficient that is determined in refation to the optical multilayer coated on the substrate and that
falls between 100 x 107 /K and 130 x 107/K within a {emperature range between -30° C and +70°
C%«ccording to a second aspect of this invention, there is provided a wavelength division
muitiplexing (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, Si0;, 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

multiplexing (WDM) optical filter comprising an optical multilayer coated on a surface of a

glass substrate, the glass substrate being

i



mul tiplexing (WDM optical filter conprising an optical nultilayer coated
on a surface of .a glass substrate, the glass substrate bei §g,;}82dt8 y 2005
4 formed from glass which includes, as essential conponents, Si 0
(where Ris an alkali netal elenent), and Ti 2, the essential conponents
bei ng greater than each anount of the remaining conponents other than the
essential conponents so as to adjust an average |inear thermal expansion
coefficient to a predeternm ned value. In one enbodi nent, there may be the
WDM optical filter conprising the glass substrate, wherein the glass
substrate nmay conprise, by nmol % SiO2 48-58% TiO2 7-30% Al A 0-12% and
R20 15- 4G56rieR rloRt gaéss \A:H?crﬁu'ﬂahﬁl@sr a& BRQAiATRBAporl G SidEK,Bqwhdte RNMPAkdical
filter conprising the glass sUbstrate, wherein F1 fass substrate nmay
conpr i se et etammen), arsd Rfh, thaem@enin! pemponents bd@@rﬂatgswn leacly amountef ther
enbodi ne I 0 i

subst r at gémanji Flf[:&nﬁ% t?%fhéagg S Stggsgbﬁaq coInIot;neﬁlrs s% sfgp{o asuljdgg rﬁg9%%alﬁ1§%r 55
~Na20 13- Maﬂé&@nﬁeﬂﬁdﬁfﬁcﬁn alﬁ}etﬁ%mnébﬁeiﬁe5 8% In yet yet -anot her

enbodi nment , t he WDM opt j Cc filter conprisingt | ass
substrate, V\/nes'é?rf? %%QHWEBEZ“%%’E%% %11“8 ORYSANEEE W'Sﬁnﬂgﬁglﬁgugﬁé@r es of
oxi des Ryhesf RE hiask substaime ﬁqagémsgwmoml ng of alkaline earth netal oxides
and zi nc oxi de.

SiO, ' 38-58%
Ti0, 7-30%

AL, , 0-12% and

RO ° 15-40% in total.

In another embodiment, there may Be the WDM optical filter comprising the glass
substrate, wherein the glass substrate may comprise, by mol%, as R0,
Na;0 10-25 % and
K0 4-15%.
In yet another embodiment, there may be the WDM optical filter comprising the gE'ass

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

SiO, 38-556 %
Na,0 ' 13-25 %
K0 i 2-15%
TiO; 10-25%
AlLs | 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 least one species of oxides R'O selected

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

% :



In still another enbodinent, there may be the WDM optical filter conprising
the gl ass substrate, wherein the glass substrate may conprise, by nol% a
total of R O between 2%nd 15% In yet another enbodi nent, there may be
the WDM optical filter conprising the glass substrate, wherein the gl ass
substrate may conprise, as RO by nol % M0 0-13% CaO 0-10% Sro 0-s% BaO
0-6% and 2ZnO 0-10% In further enbodi nent, there may be the WDM opti cal
filter conprising the glass substrate, wherein the glass substrate my
conprise, by nol% MO 1-13% ZnO 0. 5-%?@6 and Sb233 0-1% In another
enbodi ment, ther opt fi r.c rising.the gl ass
substrate, anrﬁe P %reé"bﬁg'?e\éwg]ier%ﬁyg’e%?v@yﬁ@ ’F%@Ferﬁﬁmﬁ’gﬁ'%qmz&@ 0- 2%

Hf O2 0- 296ubkindt®vi@rd8/the YRGS s(hsRetelnmyyoempaseobhep!%e alvdal iohR'Otbetwehe %amby be

t he V\DM opo fil Iofolyis) ve an
aver age tﬁa}? ?r’g#’ tex a‘gﬁ@?on cgﬁ'ﬁ]{]g‘?}e&ﬁaygeﬁ aiwr? 1 SE&%&ﬁ %}’ %héﬂﬁﬁg'

10- 7/ K atSUé?Sﬁf%mneheéﬁ"mhe fash gebstiatevrayrpomgisearR ©7iy rl%l n f ur t her enbodl ment ,

~there may be 6 the WM cal filterggguprising the glass substrate whi-ch -

may have an average thernmal expansion _coefficient between 105 x 10-' /K
and 120 x 10-' at a tenpér®ture range Bd®keen - 30 and +70 C. In another
enbodi nent, there may be gxhe WDM opti cabwfilter conprising the gl ass

BaO 0-6%, and
Zn0 0-10%.

in further embodiment, there may be the WDM opticat filter comprising the glass

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

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,Os 0-2%
Y203 0-2%

fn 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
130 x 107/K at a temperature range between -30 and +70° C.
In further embodiment, there may be



substrate which may have a Knoop hardness not snaller than 455 MpPa.
According to a fourth aspect of this invention, there is provided an
optical filter conprising an optical nultilayer coated on the surface of a
gl ass substrate, the glass substrate being formed from glass which
includes Si02, Ti®2 and R20 (where Ris an alkali netal element) and which
has an average |inear thermal expansion coefficient that is determned in
relation to the optical nultilayer coated on the substrate and that falls
bet ween 100 x 10"' and 130 x 10-7/K wigdhin a tenperature range from-30 C
and +70 C. According to a fifth aspect of this invention, there is provided

an opti cahe WDM bptilabHlien @06 BigiHg th@ bla¥d SibsBAE WhthWeaydRNP bh Sldregd themapt | cal
filter as defined above, wherein the optical nultilayer conprises a

plurali tyeménmbredoe&“mlentbdwéemgoﬁawoﬁw and 200k 1H s a tédmperdtire rargedetweenpt i cal
interference. According to a sixth aspect of this invention, there is
provi ded ¥ adtHf8dCof manufacturing gl ass used as gl ass substrate of a

o optical 't DR bR Wece il o PR MR pelibd T doPleTE Do Be FRETS) hos®
subst r at esasstratehivitith hag m\;@andwopas-&rcfnebé aot $rudllet than, 456hePareAdzordiingClorngr i si ng

t he steps of adj I amounts of SIi 2, alkali netal oxides, and Ti Q2
oper abl e %¥ 5@3@%3 éﬂ@ﬁ%wﬁv@nwe{%a Prakided) @p pkicel; Hlles COMREBIRG aneRRIEAK | on

coef fi ci emultiidyat bSatd bRitke %rﬁé‘é@fof bcdlﬁ%tsdﬁgﬁ%emeg?q&s@uia%ate Mthgkdfney 10-7/K
within a tenperature ran et ween - control I"ing an

anount of frapgasgivhieh W&lugeﬁﬁtoal Tigx boid REO (wherg R dg a&glkabmmi@imﬂem)sarmjl y
2005  6a Richhhb lan gaPQlta,?E &gﬁwg#aﬁs@%rﬁeﬁﬁ nPhal F%e@s g Rk GHh TRy

adj ust the armunt consideratron o e terrper ature
range of tohtbe @ptical ahultilayareoatedont thatsubstrate rgodrtbstfaks detiveen 400 ) camtt er

T The ds % PR su B R herdile hae WPmaeos S and ok made about this
invention nore in detail 18 July 2005 7
According to a fifth aspect of this invention, there is provided an optical
multiplexing/demultiplexing 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,, atkali 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 alkaii metal oxide RO as a
glass component.



A gl ass substrate is used to manufacture an optical filter by successively
stacking, on a glass substrate surface, a high refractive ingegx, -gdhel ectric
filmand a low refractive index dielectric filmand by form ng gn opti cal
mul tilayer which has a band pass function passing through a specific
wavel-ength of light within incident |ight beam by using optical
interference. As nentioned before, it is necessary to reduce a tenperature
drift at a center wavel ength in a8%ss band on the wavel ength

mul ti pl exi ng/ demy &y %Hoﬁ?& Hbodidrt there kfay b8 tﬁeolﬂgﬁocg\%igﬁjn{agaah'u%hﬁe 3RS of
menti oned band pass function can be acc%nplls e y usin the opt'i cal

i nt er f er ent@: iand tR{& imodrtsidesajion .of Bhirmbleeempertatusd ramge efldied bptivalofiiteg so that a

T RO S RN TN I

consi der edmihifdin ih bR uEhlkCempéra@Rt ragg®@Ng the optical |engths results froma
variation of refractive indexes of each filmincluded in the multilayer

nmust be al so nadeesmbplion willbe raietabbiidiis nkentioghamsdn dethist rate is al so
thermal |y expanded or shrunk together with the nultilayer, nanely, an
optical multilayer when the optical filter is exposed to a variation of a
tenperature. As readily understood fromthe above, since the optical

mul tilayer is fixedly deposited on the glass substrate surface, therna
stress is inposed onto the optical nultilayer due to the thermal expansion
or shrinkage of the glass substrate when the gl ass substrate and the
multilayer are different fromeach other in therml expansion
coefficients. This thermal. stress brings about a slight variation of the
t hi ckness and the refractive index in the optical multilayer. Herein, it
is assuned that the variation of the thickness and the refractive index of
the optical multilayer, that m ght take place due to the thermal stress
can be cancelled by the variation of the thickness that m ght occur due to
t he thermal expansion and shrinkage of the optical multilayer. In this
event, it 18 July 2005



8 is possible to reduce the variation of the optical Iengths within the
optical nmultilayer. As will be nentioned hereinafter in dﬁi{ii I ﬁo _
practical optical nultilayer according to this invention a2 5possi bl e
to cancel both the above- nentioned variations and, as a result, to reduce
the variation of the optical Ilengths within the optical nultilayer.
Specifically, it has been found out accerding to the inventors'
experinmental studies that the tenperature drift can { be reduced by
rendering an average |inear expansion coefficient of the glass substrate
into a range bet wdeglasdBuksitate ianged30 maridacture @lppéﬂ@alafﬂmeybyl% x 10-
and 120 x 10'/K) within a tenperature range between -30 As

ment i oned LRYGSEESIVRlY SiaGking, @oadlags substiRia sykece 3 igh rﬁ§§0tﬂ\€? 'Bgexcaused to

occur betwenthe | a btrte andaco e pof the
ol | e diegtia fm sad edomrenogi e e T Eray Pimittien SRS (e

optheal mui PTG b HFE Bing é%%ﬁ*a?ﬁ%'@%%?'%ec@?%ﬁ 45083 Her orore,

the opti Ca\!va@é”aﬁfp qh't %ﬂﬁﬁﬂn@ﬂieﬁ i ﬁtrtﬁa@r i agé F\@%pﬁHQﬁh{eﬁ*Fe‘?enc%S a

result, it aln a 'ty when the glass

substrate i's used A&%ﬁ[loﬁé@b@fdrétﬁ'tfﬁstﬁéﬁ&§ar3ﬁtb&eﬂuw'fatbé Qiuns deft at bi s
invention resides in a glass substrate whi ch conprises Si 2 and which has

an aver age ¢éntepwavéleagtmin #ppasnband ondhé Wwavetsrigtibet ween 100 x 10-' and 130

x 10-7/K (preferably, between 105 x 10' and 120 x 10"7/K) within a

t enper at ur emullipiaxing/deswitiplatingC abareiTt is.to fieeneied tagidhriakoye- t her mal
expansi on coefficient -set into the above- rrent i oned range nak | t possi bl e
to.reduce tmentierRedrhRngmass fuactipnean e accrvalishag by gein "B%QQ I'n

o B85 8 1 SRS Th RS %ﬁ@@@?ﬁ%f??‘%@bg& : iﬁfbi.”ﬁg
b e L AR R Y
whet her or B4 to>h Qdmbperatard U&r[atlon It is to be considered that the fluctuation
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 fag:t that the
glass substrate is also thermally expanded or shfunk together with the
) multilayer, namely, an optical multiiayer when the optical filter is exposed to a
variation of a temperature. As readily understood from the above, since the
optical multilayer is ﬁxédly 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 multilayer. o
Herein, it is assumed that the variation of the thickness and the
refractive index of the optical multilayer, that might take place due to the thermal

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

..__:’..;f

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



18 July 2005 9 glass network-forner in the follow ng manner. At first,
when any other conponents, such as B203 , P205, which are qgg&@@ 5as the
gl ass network- formers, are not included in glass, Si02 nay be judged as
the glass network- fornmer. On the other hand, when the glass includes any
other glass network- forners, such as B203, P205, or the like, Si02 may be
judged as the glass network-fornmer whengan anmount of Si02 is sufficiently
greater than that of the other glass network-fornmers and nay be, for
exanple, twi ce the amount of the latter. Thus, the inclusion of Si02 as

t he gl ass nit pusdiblEdo medudesthiealapibtion pbthe optidad ferigties within theeoptiwabiness of
the glass substrate and to prevent the optical multilayer from being

peel ed of f fuwayee gl ass substrate due to the tenperature variation.

Consequently, the problem of the peeling off, can be solved., referably,
the gl ass subst rat'gS malkbe mentiongd r@re’f‘ﬁgefldﬁ&?ﬁa‘ﬁér practisal opticgt gligayerhi ch

B Tt e i L e A
resides 1n dlBRRaUPBHOAS Bndiel redle 18 Padliel HBS/aHRER L INFE PR CXPans] on
coefficient between %x g » Fha 130" xpelcg}ﬁ%tﬁ preperab y, between 105 x
10-7 and 12%@tﬁ@w?thlﬁ ﬁ%%p%acapmgﬁﬁwénons?gﬁnbmblt%afsq;reéhbroahaidw a

desirabl e hardness. Such a gl ass substrate can be realized by glass which
conprises, agcorelfrreltt thelineampmerperimShtalstudids ihRt tiwl leatperakiraldriftedzamrent s)
and T102, a total anount of the essential conponents exceeding 60 nol %

Al t er nat i vebeg retthesd by sersdering arapeiage linasr expansicr noelicicabaptheeginss Si 02,
R20(R alkali netal elenents), and T102 and a total —ampunt of the

essenti al covupYraististonmyangsdemgeadd ahdlanddBlondoTn@referPEooNent s
other than the essentia onponent s. The anount. of R20_is in

total amount QoRNGhERGX lllgi 1 i @ leipgeature range between -3b and dgagive of a

As mentioned 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
temperature variation. However, the subsfrate of glass is softer than the
optical multilayer which is operable as the dielectric films.  Therefore, the
optical multilayer is peeled off from the glass substrate. As aresult, itis

“difﬁcu[t to obtain a high reliability when the glass substrate is used.

Under the circumstances, the first viewpoint of this invention resides in
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,
between 105 x 107 and 120 x 107/K) within a temperature range between -30°
C and +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 SiOg 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.

L | According to the first viewpoint, SiOo preferably becomes a glass

network-former.  Judgement can be made about whether or not SiO2 forms the



~t-herml-expansi-on coe

18 July 2005 10 Hereinafter, the above-nentioned glass will be referred to
as Si 02- R20-Ti 02 system gl ass. The gl ass substrate may havg g Kpeep
hardness which is not snaller than 455 MPa, preferably, 460 a, and nore
preferably, 500 MPa, as nentioned in conjunction with the first viewpoint.
In the Si02-R20-Ti 2 system glass, Si02 serves to harden the glass itself
and to inprove a weather resistance characteristic of the glass. R20 is
operable to control the average |inear thernmal expansion coefficient.
Specifically, R20 serves to_adjust an average |inear thermal expansion

coef fi ci entdlgss Nedwaikernge inubiedallgviagsnaanel. d&sifiFrddwaoR @AYot ehear t her mal

S o o Sk, olth .l Wi BB LA el GRS BB oo,
CO 11 1 okl 18] GBS D PR M bed SEMRERBRERE

system gl aspyodt 1SRRI Sarl® R RhY PRIERSI AMEF 488s Heffdh-

icrent W't pr ede ge at-a

t enper at ur efdpeies educh3is BE@:;W’@C%, olr m&misiaga'hb?beqmd@éd aptiheaglass
mul i tl ayer deposited on the §l ass substrate. Such matching can be carried
out by contnetwdrkdoaneiegher aofarsotnstt6ftSiOiods soffiicierdly greatepthamthatiobthe For
exanpl e, the degree of substitution between R20 and 1102 is adjusted so
that the t eoiher glassenainiofk-fdrewrsasdrmay tenfof exaaiple, twikeobeamednteliibe

wi thin an avai al be tenperature range (for exanple, a room tenperature).
Asa resul t,lafiee~average |inear thermal expansion coefficient of the glass

between R0 and 11085 HEVER PERIQEEE Mo alesf HARbAG R s RSP 20,
AR I L e QR e LT GL
between 1. 3ppidaderdi'tiif b88led off from the glass substrate due to the temperature
variation.  Consequently, 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 secoﬁd Viewpoint of fhis inventioh resides in a glass substrate which

"has 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 substrate can be realized by glass which comprises, as
essential components, SiOo, RoO (R: alkali metal elements), and TiOo, a total
amount of the essential components exceeding 60 mol%. Alternatively, the
glass may comprise, as the essential components, SiOg, RoO{R: alkali metal
elements), and TiO9 and a:total amount of the essential components may
exceed each amount of the remaining components other than the essential

components. The amount of RoQ is indicative of a total amount of the alkali

mefal oxides.



optical comuni cation. This means that the above-nentioned system gl ass 18
July 2005 11 has a high quality as the optical glass. Next18ﬂ_g§§6(ijgotion
wi |l be nmade about anounts of glass conponents included in the

Si 2-R2O- T2 system glass. As regards Si 2, |less than 38 nol % of Si Q2
deteriorates the weather resistance characteristic and decrease the
hardness of the glass. Consequently, the optical nultilayer is liable to
be peeled off fromthe glass substrate. On the other hand, nore than 58
nmol % of Si Q2 nmekes the average linear, th

gr mal eﬁ ansifon égeffié:bent | ower
than the predet er Fe@Bafem e ahRyR-MELigNgs SlassY PeSSteeR pp S'HRgesi r abl y
enhances t eaperature drift Taki ng .t above, | ' L.Qn, the
aount of | 12 REAGelT eltesy Thrdeto dubelt SR 8 B ABRES o .
bet ween 38 and, 50 | % & I refer n % The
nost pref er'y 'FQ 38R %“%Iilergﬂ?‘ﬁ%s Mggt Rﬁeﬁ%kfé” éﬁﬁ%gn%ﬁ?‘%@g p?‘gféag%@d%’ t he
al kali net ' ggﬁ% ; -gqmp]t' ; Swpoirian 15 nol % it is
~di-fficult f%ocgﬁ%?r?t e'nta ovelﬁnctgml‘lﬂ-,gﬁg restHFts-hsrétI& Pﬂe- ot her hand, nore
than 40 nol % of RIOHSSITDLRSO-TiGkgysdm flass vBidihservesso Hbeadarethe glass

characteristic of -the glass. Thus, the total anmount of R20 may be .
restricted itself and rigprives averaiher msttdtcacharacieriefie chthey glessweBeQ@B and 32
mol % It is preferable that the alkali metal oxide R20 may be Na2O and/ or
K20. More qparhbledblopntrobthie aNe2apalideatBermgl expansiarueeefiicient.ne gl ass and
the alkali _netal oxid may desirably consists of only Na20 and K20 The
anount of %%‘@?‘ﬁﬁ”é(f @2§b‘-’re§V¥%Jq adjst iﬁvﬁrargﬁﬁtﬁ‘(?aﬁg?%l-% S1H2978"25 nol %
nore preferably. wthin ra et 3 % erably,
winin o r apeisiiydhl ST HRATu8R T o ARy dRuR g bR S LAY ¥
K20 prefera I L D et 9 rably
petwpen 4 anparsi ettt AR LR Alfed rafe HiorLeaRiple )
nost pref erpblyserves 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-Ro0-TiO2 system glass, it is,posSibie

to accufate[y match the average linear thermal expansion coefficient within the

predetermined range at a temperature between -30 and +70° G, in

"consideration of an optical mulitlayer deposited on the glass substrate. Such

matching can be carried out by controlling a degree of substitution between |

RoO and TiOs. For example, the degree of substitution between RoO and
TiQs 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 controlled by measuring each

amount of raw materials and by melting the glass.

It is noted here that the SiO-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




between 6 and 10 nol % 18 July 2005 12 As regards T102, less than 7 nol %
of T102 degrades the weather resistance characteristic andg £ 2bés.
difficult to render the average |linear thermal expansion coefficlent
within the predeterm ned range. More than 30 nol % of T102 nakes it
difficult to obtain the average |inear thermal expansion coefficient
falling within the predeterm ned range. jfherefore, the anount of Ti Q2
falls within a range between 7 and 30 nol % preferably, between 10 and 25
mol % further preferably, between 10 and 22 nol % or between 12 and 22

nol % and nd¥s dhighequality asiibe woliealiglassnd 20 nol % Al t hough Al 208 is added
as an optional conponent to the $ 02-R20- Ti 02 systemglass, it serves to

i nprove the weat h&eXhaigsariphiea wilhae saads akeytamaipisi) g RPRENY$ ass.

" However, : %pf 0 ' difficult to obtain the
aver\altge I m@g}l&?ﬁg}&nﬁﬁ g@(%%?%?é%%%@%ﬁg%%? w: t h: nut he predelt erm ned
range. Under the @jqr , f N 4 Sypi j a

range between 0 and EYEA OIS et Mo of SHEB B ek EtED &

preferably [BginarR aéfé‘#isﬁc%ﬁﬁo cPeMb el HE HPEnLhaha Rl dsPet ween 1 and 8

nmol % or between 2-and 8 nol % a nost preferably between 2 and 6 nol% As

nent i oned @émeruenliy OBl shtrefeditiaydrhieligsleito bel patapoffieiim tite yhes
Si 02- R20-Ti 02 system gl ass but it serves to inprove the weather resistance

char act er i stubstrateke Gndize atfierthangamiva thare S§Inaeis oRSKp makgis\ihe aveGRIeay be
added as an essential conponent to the glass. In this event, the glass
pr ef er abl y ligeaptharesl egpansipmcosiiorrdrwavihanibepiedetsypingdmanpgasy, T102

10- 25% and .
! mentioned above and, as a result, undesirably enhances the temperature drift.

Taking the above into consideration, the amount of SiOy falls within a range
between 38 and 58 mol%, preferably, between 38 and 50 moi%, and more
preferably, between 38 and 48 mol%. The most preferable range of SiOo is

between 42 and 48 mol%.

.As regards the alkali metal oxide R>0O, when a total amount is less

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

. hand, more than 40 mol% of R0 is pfone to degrade the weather resistance
ﬂc;haracteristic of the glass. Thus, the total amount of RoO may be restricted to
a range between 15 and 40 mol%, preferably between 22 and 32 mol%. ltis
preferable that the alkali metal oxide REO may be Na»sO 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 NasO and KoO. The amount of
NaoQO 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 between 4 and 15

mol%, and further preferébly between 6 and 15 mol%, and-'mo'lst preferably

AN . between 6 and 10 mol%.

g
o



'A1203 0.5-8% 18 July 2005 13 In the above-nention glass conposition, it
is unnecessary to define the total ampunt of R20. However, 14 hgy bogs!
anount of R20 nmay be restricted to a range between 15 and 40 nol %
preferably between 22 and 32 nol% Ilike in the above-nentioned
conposition. According to the second viewpoint, the glass desirably

i ncludes, in addition to the above-enunerated conponents, at |east one
oxi de selected from a group consisting of alkaline earth netal oxi des and
zinc oxide. Among others; it is preferable that the glass includes MO and
ZnO. Such al kal i nés 1egafds Fﬁmﬂewmag Hatfe Af A0 degeddagihgweather
devitrification resistance Property and a fusi o pr oper t he gl ass.
Thus, incl J§r°’l§itﬁr3ﬁe%ha)'§ﬁ@ﬁﬁ 6%6?%1&"5(1%%’5}86@“ Wﬁcﬁ}@rgﬁr{ﬂ%‘?%’ture and

factlitateag AoREerba e redtcianchityn die Pisolemanggirees Merd PRI ¢r om
bei ng peel erﬂ 0k lof TS T diesneLiidiR 8 okl e S@bidbolTRicRl iheig e pafisibhe 21 nc

—oxi-de s -i-nc uded ~I's preferable t e to anount i val ent

corrpoents ' é?ﬁ&eﬁﬁ%ﬁmghﬁﬂugtﬁ@hr@o%?e;ﬁﬁné@rér?gﬂ | ZghdrBRré R ABIM gtned

effects |s net gréeater 15 nol % so as not to degrade the weat her
resi st ance Tl@@afaasmirsalrangé betwater 7 bad 30anbiPe, prleterablyebébyden 10 and
devitrification resistance property and to avoid the reduction of the
weat her r e2Siraiiée furttargreferatsly, mstwebe 1§ ash 22nayol % ombeivwesn BY ansl 28 ZnO
0-10% MO 0-13% CaO 0-10% SrO 0-8% and BaO 0-6% More preferably,
the gl ass rmgl%oapd mast pesferalilydbetwadys dfrand29 medfo.

Although AloOg is added as an optional component to the Si0O2-Rp0-
TiOo system glass, it serves to improve the weather resistance characteristic
and to harden the glass. However, more than 12 mol% of AloOg make it_
difficult to obtain the average linear thermal expansion coefficient within the
predetermined range. Under the circumstances, the amount of AloOg is
restricted to a range between 0 and 12 mol%, preferably between 0.5 and 12
mol%, 6re nreferably between 0.5 and 8 mo!%, and further preferably between
1 and 8 mol% or between 2 and 8 mdl%, and most preferably between 2 and 6

“mol%. '

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

preferably comprises, by mol%,

Si0s 38-58 %
Na20 13-25%
KoO °-15%,
TiO9 10-25%, and

Als0Og 0.5-8%.



0.5-10% of ZnO 18 July 2005 14 The above-nentioned Si 02-R20-Ti 02 system
glass may include a refining agent, such as Sb2(B, an amounpg jqf 20bs5ch is
desirably restricted to a range between 0 and 0.1 nol % In ordéer to

i nprove weat her resistance characteristic, the Si 02-R20- T102 may i ncl ude
at | east one of oxides selected froma group consisting of Zr02, Hf 02,
La203, and Y203. An anount of each conponent, such as Zr02, Hf02, La203,
and Y203, nmay be desirably limted to a range between 0 and 1.2 np+% so
that the average |inear thermal expansion coefficient is not smaller than
t he predeternined Indhgabovadnentian gless sempiosifionsit idanecssspyy iongiefedéie when

Then | ?Lvtﬁﬂf rcg%"%%'ﬁgﬁ{}%ﬁ R8s PR he 1oy Astiot Eﬁﬁe@éﬁa@e%ﬁéf“ﬁ%% LPRD 2
Li , i ., N Ta, . Ga Sri Pb, , [ vorT ; b
a:jded:tn o Zﬂ'r%neﬂﬁjh%ﬂ'@re%sb%@ﬂor@?%,”rgagﬁ?aalaﬁiiei‘wsﬁ“ P antna Bl fie MY, o7
vorkan 0, e o hetfiohRd ooy *; | 2 % B AN L ehot N shan

several per cents ofoddifiihdfe SEOSMINRNIIHIRAMaseBLaRadly Mcidbenrh de

instead of the oxi-de conponents I ncl in the glass. wever, it has

been found gHiiiBAeetE: BoYE chlfmarateadiophisonerts renéas vingl oxitie destédrbmnost
preferable glass conposition is specified by a conposition of Si02, Na20,

K20, Ti02, AlR6dp chbSistidgof atkaliye aachmbétahoxides aofl zineoxidey e Ameond oned
conposi tion and Sb203 added to the conposition as the refining agent. The
gl ass subst ptharsait isopréfergbleghahther glass inpliiasdaSeashdnGi evpisinlsalings a
greater thernmal expansjon coefficient than that  of

general |y 688h.MatRép¥ides @ndejnmoxide impER\g 2 FgY @rr‘fi‘cé'i%?}%glﬁi%%g@@o%?’ﬁ%yst eel
g: 22{ m(alt h eeéﬁa 1S} %%ncgz%fp]:eift?/io? He Biea'ngT RRO UL c1t&Bn s MialddPoctRsbrid s nl ess

reduces liquidus temperature and facilitates to manufacture and form the glass.

In addition, ZnO is effective to harden the glass and to prevent the optical

multilayer from being peeled off. When either the 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% sd as not to degrade the weather resistance

q 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%:

Zn0O 0-10%,
MgO 0-13%,

- Cal 0-10%,
Srb 0-8%, and
BaC 0-6%.

More preferably, the glass may comprise, by mol%, 1-13% of MgO and
0.5-10% of ZnO. -



expansi on coefficient being about 110 x 10-7/K), widely used in industry is
used as a fixing menmber, a difference in thermal expansionidgiiyests t he
glass 18 July 2005 15 substrate and the fixing nmenber is small’
Accordingly, optical distortion resulting fromstress caused to occur

bet ween the gl ass substrate and the fixing mnenber due to variation in
tenperature is small. As regards a plastldc material, a simlar advantage

i s obtained because, by selecting the degree of polynerization and a

bri dgi , b | h | h ,

ol yat yrene. and" JOEVRRMR ORGSR A0 ke P AL AR Tl AHF S anc
having a therfmlh GRNSIANLESREDLCLE UM AR MPENIPiALLRR, Xodfudfify aLet an
optical apparatds be 'structured Byusi ng an optical  uni i'ch ~has "an

optical el qgﬁg‘lg bfe%é@r%tﬁf‘gf@ﬁ Lig- R2O-Ti 2 system gl ass and which is

fixed to a ng nenbe orme y' carbon steel, stainless steel (type

- 410), pol yet hyl eneordelty whprareweathdr PadistaRtd ghaneidvasticy trid 8i0aRJent i oned
--above: - The-optical apparatus is small in optical distortion-against the - -

t her mal varfi@piroay irhatle at kst efimoéoridesiskketed frost algrdup gonsiatiegidf ti on,
t he weat her resistance is excellent. so that use is possible in a w de

variety of ZblxitH§oehapOanasdtYoQextAn@ssaitef eaah wompaneniewciadd4tOzhe
e for  aitii o203, and Y aPexEmhdsmire aelaiedtp arands HerSaa DA Thorn
above rant | bREG: 56 S IbS Bvaras A AR P EnaGT e B aTaHet ne

ndex ai o doep R e ReH Tetanc TR PSRy OERTREaNen Y eIl t 1T o

films. The vgrft%ﬁ £ath Bt é%—g{%ﬁoﬁe@%@% %ﬁtsfiggﬁétiéjmanr(?éﬁhélbﬂg from

optical int erence and can ge a center wavelength wthin a pass band

by varying its stadighdr®s dslinrdenBbn asks viot HasEX frof$ite pibcid, dxiderroff foe hi gh
refractive index dielectric film use is made of 1102, Ta205, H 02, ZrO02,
Ce02, Al 203:xavizfls, LiZimithadide, Nb2T8, WCBSGaSIn, Ge, Sn, Pb, P, Sb, Bi, Te, may be
‘ added to an amount of several mol%. Such addition of the oxideé' 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 SiQs, Nas0, Ko0, TiOs, AloQ3, MgO, ZnO or by a combination
of the above-mentioned composition and Sb2Q3 added to the composition as
the refining agent.
The glass substrate according to the first and the second viewpoints

has a greater thermal expahsion 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

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

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



~f-@si-stance characterts

the like. Asa material for the lowrefractive index dielectric film Si02,
MyF2, ThF4 may be used. A preferable material for the hi ghyg gfiy agdg ve

i ndex dielectric filmnay be Ta205, T102 while a preferable material for
the low 18 July 2005 16 refractive index dielectric filmmay be Si 02. The
tenperature drift of the center wavelength in the optical filter can be
reduced by appropriately adjusting the agerage |inear thermal expansion
coefficient of a substrate material used. The tenperature drift of the
center wavelength within the pass pband can be suppressed within a range

between - CRURSHSHARA 4hI Xi0IG0SBRAT 1 Ballis AP rHBIYuBRIGANSINPEN has an
AT N R e
o st I - ._ ; apon i ons.
Therefore. TRERsEEdp verallah T RimdtERRgIS Sholy * ASTERA B s P e, o
In addition, ﬁﬂ?ar@d%ﬁ{aﬂé%%tdg?éiﬁe@%é#% by! [@&&?'th@@eg\*éb yeat her
Ic and 1S t

eérefore advant dgeous™ in that no problem

takes pl ac&dimenzaksH hAd a%ﬁd(}]iﬁ%ﬁgléﬁtaﬁ% daahadahienf withateriallisubh agccur
during a polishing process and the i ke. As a result, the optical filter

i s avai | ablsol ﬁ?fené@pb?@ﬁjrm,ldmmcﬂmieﬂwhrrmth'acrylabe,elilidelyi usadsinasdusted t hat
wavel ength nul tipl exing/denultiplexing is carried out within a wavel ength
band of 1. %nd hadng d ietmahexpdrsioratodifidieremetweandleand 158 ariiAdat s

denul ti pl exed becones equal to 100 GHz (corresponding to.the wayel ength
interval of 0.8AmbetER eRigal ARRaratys he;stiyctdredBY Uapg agh%@thaﬂ]gm(gm It
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The optical apparatus is small in optical distortion against the thermal variation
and is therefore excellent in stability. 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 thié invention is used for an optical
ﬂmu[tiplexer/demultiplexer apparatus for wavelength multiplexing/demultiplexing.
The optical filter comprises the above-mentioned glass substrate and an optical
multilayer formed on the glass substrate by successively depositing and
~ stacking high refractive 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 strgcture ahd a refractive index.
As a material for the high refractive index dielectric film, use is made of
TiOo, TasOg, HfOs, Zr0s, CeO9, AloOg, Y203, ZnS, MgO, Lap0g, CdS, Si, or.
the like. As a material for the low refractive index dielectric film, SiO2, MgFa,

ThF4 may be used. A preferable material for the high refractive index

.‘-";.L

dielectric film may be Tas0s, TiO» while a preferable material for the low



In addition, let the interval 6f t he wavel ength components mul ti pl exed ~and
denul ti pl exed be equal to 50 GHz (corresponding to the waveigngyboos nt erval
of 0.4nm. Inasnmuch as the optical filter has a high transm ttance band
wi dth of about 0.1 nm the signal optical wavel ength probably falls within
an 18 July 2005 17 untransparent region when the tenperature drift exceeds
0.5pm and a tenperature variation of apeut 100 C (for exanple, -30 to +70
C) is caused to - occur in the optical filter. As a result, inconvenience
takes place in this case al,sg. As nmenti oned before, the optical filter
accor di ng tefraive inAox Aigleririe dn maybe sigar at ure drift between -0.0025nm K
and +0.0025nm K (preferably, between -0.0005nnd K and +0.0005n4] K) .
Therefore, it is B@éemp@rqter@pﬁ?@i/eﬁﬂw&?éﬁ%ﬁ ﬁﬁﬁ%”S&[PéQ? QHg'QEP % r om
bei ng | ocated qutside of the high,.transmttanc ] Ltk n a usual
Cenper at ur o/aRaen 9Y Fharte i SRRk AR IRGH mibfiaedritich & [oe
the gl ass 4 sed | i fi RRRT 2 EdhResS not
~srral|-er th%ﬁl&%ﬁ&:@?%%%%@t elu'%gbbrgb%ﬁ%m?%zatg{)@cal- mJFti ayer from

bei ng peel %\%ﬁénéth%@rﬁﬁm@béﬁbwééﬁ BESUPBPedsR dAwihihfErprRedtiveehnear

t hermal expansi on=co I clents between the optical nmultilayer and the

gl ass subsiy @dEsnAgeaneNddsRN/EImensihy tite ¥abstedtearhiek basdm dffropriate
According to this invention, an optical dernultiplexer apparatus is obtained

whi ch conprveesgalinegttheahalféxpaasionanveditienianithin werangei kttwgea 19N 8Agt h
mul ti pl exed |ight beamonto the optical filter through a |jght exit end of
the opticand T3ex 18K dpthosgh i&dwsmwei%r%@ﬁgsmf g i erbd i ght
opt 1 cal 1 1468053 GBAnAgepRk ng SOTAVERE: oRnoBoGath e APYGaTHER PaYLE
ﬁgf)? :‘ ?;;Zr Eu%g%%%&%eﬁwvwéifncp%rgt%@Feimsg%s. 4R Rfdoretnd bldsSsuBadhPnBledat | cal
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 pofishing process and the like. Asa 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 1 m and that an interval between
ﬁwavelength components demultiplexed becomes equal to 100 GHz
(corresponding to the wavelength interval of 0.8nm).  In addition, it is 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 fange 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
demultiplexed. Thus, incoﬁvénience takes place in the optical filter.
In addition, let the interval of the wavelength components multiplexed

and demultiplexed be equal to 50 GHz (corresponding to the wavelength

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

I

width of about 0.1nm, the signal optical wavelength probably falls within an.



optical fibers located to the optical filter to conduct wavel ength
conponents transmtted or reflected by the optical multilayen,.3pgsan -
optical fiber positioned to conduct the transmitted and the reYIec?ed
wavel engt h conponents and to guide a nultiplexed |ight beamthrough an
“incident end of the optical fiber. In "' |, consideration of the nunber of
mul ti pl exed wavel engths, a plurality ofiyhe 18 July 2005 18 opti cal
filters may be used which are different fromone anther in center

wavel engt hs of the pass bands and each of which individually carries out
mul ti pl exi noteespatany regiongvhapahatteoperatiee diift exetedal.Oppl arde appar at us
and the optical denmultipixer apparatus (both of which will be often

col | ecti veltgmpgratuee vaiation of ahaut it B0 & Lelforarample p13dxier+ b fak igtGRdperde a
high reliability even jn an environnment intensel aried in tenperature,
because us®CEyr i Qﬁt’cﬁh@t%pt s & resplyy ‘E‘E?”Y%W‘?'Hbg'taﬁgs rﬁﬁ?%?? e Isg‘gﬁel ty.
Brief Description of the Drawing: Fig. 1 is a schematic di agram show ng an
wopticahfilﬁgh*according to this invention in a working state. Fig. 2 is a

schematic diagr a'HssJﬁ%\%i&ﬁe@?e@ﬁ?}sﬂhgﬁé\ﬁgﬁ?l fler IE%RP@ fchthis invention has a

mul ti pl exer/denul 1 pl'exer 0o | on. Is a view show ng

measur enentye ﬁh@ cPAtSFOHkH BB E-WbaSSnm/KChed +6.0025angKaphéfepdbly,arsteeent at i on
for use in describing a relationship between a tenperature and a

t enper at ur eQ@UOBhNEK ahd>-eMDO0SMaVIE). ihgtdford, itis poepiblectal prievenbthe $igoalt r at ed
in a twenty-fourth enbodinent; Fig. 5 is a diagrammatic view for use in
descri bi ng optisarwaveleagihffremdeing ysatechbutside efitha digh HaRgMittanaedand
twenty-fourth enbodi nent; and Fig. 6 is a graphical repreﬁ.’e ta,%‘.i ﬂn for use
i n descri biwigthwitein:a HeviemPerimuATAiondRpaP G 8 A#CoMPISh 3 Nehcent er
wavel engt h of t_E& above-nentioned optical filter and an average |i near
thermal exp&bRIMY. coefficient, wherein use is

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 éxceeds 100 °C.

According to this ihvention, an optical demultiplexér apparatus is

ﬁobtained 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 to which light wavelength

| components are given through an optical multilayer of the optical filter.

According to this invention, an optical muitiplexer 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 tﬁe optical multilayer, and an optical fiber positioned
to conduct the transmitted and the reflected wavelength components and to
guide a muitiplexed light beam through an incident end of the thical fiber. In

consideration of the number of multiplexed Wave’lehgths, a plurality of the



made about gl ass substrates according to first through twenty second

exanples (w1 be described as Exanples 1 through 22). Desggiptibggsof the
Preferred Enbodi ments: Now, this invention will be described nofe in detail
in conjunction with exanples. 18 July 2005 19 amo O0OO0O00O0O00O0O0OO
OO0Oto 00 0O0O0O00O000O0 oCDtocolnr Or O0OO00Oto OQO-r1 0OT
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MOto MMNtod Nar Oto WMNNNTr iEO0O0O0OO0OO0OOONOO~O0DO
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~ The optical multiplexer apparatus and the optical demuitiplxer
apparatus (both of which will be often collectively called optical
fnultiplexer/demultiplexer apparatﬁs) have a high reliability even in an
environment intensely varied in temperature, because use is made of the optical
filter having the high reliability.
Bzié f Description of the Drawing:
" Fig. 1 is a schematic diagram showing'an optical filter according to this
invention in a working state.
Fig.2isa schematic diagram showing an application of the optical
multiplexer/demultiplexer 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
q.optical filter illustrated in a twenty-fourth embodiment;
Fig. 5 is a diagrammatic view for use in describing a structure of the .
opticéi filter according to the twenty-fourth embodiment; and
Fig.6is a graphibal representation for use in describing a relationship
between a temperature drift at the center wavelength of the above-mentioned
opticai filter and an average linear thermal expansion coefficient, wherein use is
made about glasswsubstrate‘s according to first through twenty-second examples
(will be described as Examples 1 through 22).
D iption of the Pr i is:
Now, this invention will be described more in detalil in‘conjunction with

examples.
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e
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NMVLL) (Dr MONNN 111 X W18 July 2005 20 [Exanples 1-22] Table 1
shows a conposition and an average |inear thermal expansion coefficient
over a tenperature range between -30 and +70 C in connection with each of
Exanpl es 1-22 that has a gl ass substrate2zéor a WDMfilter according to
this invention. The content of each conmponent in the table is represented
in nmol% The linear thernal ?xpansi on coefficient is represented in a unit
of 10-7/K R O rel5»@s¥ies 123lot al anount or content of a dival ent
conponent. The gl of, this inventiqn was, prepar | |_ow
manner. As a mat :ﬁﬁ%{? 1o§h°éf\é§c"fﬂCempﬁéﬂ@ﬁ't&,mqjg%a&é@%@%%ﬁ%&%@%%@%ﬁnate,
nitrate, or - | ' N t,: | : ;
conposi ti oncé‘lgl@gﬁ’ nlk ﬁg‘?";%ﬁéerﬁagfg?@]ﬁg% rr’}g? et}re!ﬂg?gﬁv\ng? gﬁggﬁgﬁgdmgé@ﬂégp ﬁgltgnt |y
m xed to pr é ' T, t LW Ry asupiined i nto
P L e B ] o R by~
the use of gfsahRetibhe THERBAENt of abh @dmpotient #dtheltabiede mepredentealsih i nto a
nmol d appropriatel y preheated, solidified, and gradually cool ed. _
Descri pti onnwildd. bBehenirteardbenmal texpagbiasiscoaffidiénd is ceppeseniednn ianuniefampl e 1
by way of exanple. Specifically, the materials weighed and sufficiently
m xed were so{%Kl e@®'Onepradeatpa dotahamountior borteahal adivatanticompapent.hours in

the electric furnace prelimnarily held at 1350 ,C |n cordance with
- The pglass of this invgntion was prepared in the f%ﬁowmg manner. As

a material of each cpmponent, use was made of oxide, carbonate, nitrate, or the
like corresponding to the component. To obtain the compaosition 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 at a
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.
Descriptidn will be made about the glass of the composition in
) Example 1 by way of example. Spedifically, the materials weighed and
sufficiently mixed were supplied into the platinum crucible and melted for two
hours in the electric furnace preliminariiy held at 1350 C in accordance with
the above-mentioned steps. |
In each Example, the baich can easily be meited and homogenized
and no devitrification was observed in the glass prepared.
The glass prepared as mentioned above was shaped into a substrate
of a size of 30 mm¢ and imm thick and subjected to polishing on its both
 surfaces. Thus, the glass substrate for a WDM filter was prepared.
The glass in each Example has the average finear 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



t he above-nentioned steps. In each Exanple, the batch can easily be nelted
and honogeni zed and no devitrification was observed in theﬁgbﬂfgo@gepared.
The gl ass prepared as nenti oned above was shaped into a substrate of a
size of 30 Mmit and 1 nmthick and subjected to polishing on its both
surfaces. Thus, the glass substrate for a WDMfilter was prepared. The
glass in each Exanple has the average |ixiear thernmal expansion coefficient
exceeding 100 x 10-7/K. Herein, it is to be noted that the average |inear
t hermal expansi on coefficient was neasured by a |aser interferonmetry 18
July 2005 fpethpnaliexpaasioaxpaiesitfal usesaer lashabearnandoptipaéintedaranaad
optical interference. [Each glass was pul veri zed, pubé%nto a . plati num

basket, and i mer S&fh 91ABS WagrRUIVR(IZed, PHE igte  platinumg paskety gad ABmersed a

boi |i ‘wat . bat h for. h , ducti ' Aei ght A
1100 T 0 il AT R T s
h b fi -t h L.cal A

“opeci 11 car 1B PElot AB<TRERNGRY, A SRty HlRRLEHGT I BBlant Yhie

whi ch-was pehbsBeRksdngr @Q&W@g@gd diﬁfhpai iﬁhagagﬁlﬁtso%ﬁﬁ%d fAnt e chbaeal

substrate specinen is coat el.ectric tilayer which is fornmed by
al ter nat el ydglepisy vah@xtafsd. and Si G2 films. Such a method of depositing
the dielectric nultilayer may be a nethod that is usually used to deposit
optical films andVioeyspéaficdlyr pevisigh wasanade\Bbuiiom glessi sibetraegpadiniean)
method or the like. In the exanple nentioned above, the filmof Ta206 was
deposi t ed - owhichiwasgypelishesharyd whitch kad adkieknessofthingkessheulans subsiraiRl, as

aresult, was in contact with the glass substrate. hi t enper at ur e/ hi gh
humi dity t e3ReHASN iegerigtaidieeclun RELLIRGY Wiich bls¥inecty doarattit ace and
o e AT Faa O RS S bl PSR b | 1 ar
tenper at ur ef kgl DT ALLY fH&¥iod ¥t 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 TapOs was deposited on
the glass substrate surface toa 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 én uncovered surface
“pf the glass substrate at a temperature of 85C in an atmosphere of relative
humidity of 85% for 600 hours. The high 'temperature/high humidity test may
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 resuit of the
observation, no blur was observed on the uncovered surface of the glass -
substrate specimen. Likewise, no reaction was observed on the glass surface
covered with the optical multifayer. 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% P20g - 20% AlFg - 24% CaFo - 20% SrFa - 16% BaO



be a typical nmethod used in this technical field. After the test, both the
surfaces of the glass substrate were observed by eyes and ajgiqyegedpe to
estimate reactions and degradati on 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 reaction was observed on the glass surface
covered with the optical nultilayer. Ingaddition, no peeling off of the
optical multilayer fromthe gl ass substrate speci nen was al so observed.

[ Ref erence Exanpl e] Preparation was made about fl uoroph at s which
e o oy ercHkabsli e egs asEANad A camppiinn o SoAarE, 10000t Bao

f1 uor gphosﬁﬁﬁ?@@”%‘é’agn@@hng'e %di{f}%omgfs Li gi? fugtop Spggt?p%[é[f‘]? %ﬂ?}he The |
ST e GG S RAME el °Phe g RIS Indpaexpangpl 2N 2
et e RN E R PR B AR

bath for ong,ralkall SHlesl Pasd, Reypdcibelywas measured. As a result, the

reduction in weight was 0.25%and 5%in the former and the latter,
respectively. Thugachtglhsswasgulverized] putddtc & atatinben bashetcimmerpegbntd ty was
different as conpared with the glass in the above-nentioned Exanple.

[ Exper i mentpire Batepirea fask A Aftersiseaimenk imaboiligatwiies BaRbIr onehWrven in
Exanpl e 5 was shaped into a dinension of 1 x 1 x 1 .cmand subjected to

pol i shi ng dedugkomispysiant wasupeasesd; hAs &gesuliBedgfpeton Fh‘@e‘gf‘gg’ésbl ock

\é\%%‘l(l:i)a?{) ﬁqﬁ-%%a%&é)éi%ﬁbwegfonﬁglp w04 L Bhdr, rSepadifely X Thlis) it ali@Refde Of
confirmed that the chemical durability was different as compared with the glass
in the above-mentioned Example.

[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 g!éss block was clamped by a fixing Jig

ﬂshown 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 asize of 1 x1x 1 cm.

After the glass 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). Thereaﬂer, the glass and the fixing
jig were cooled down to -25 C. The strain was then caused in the glass and

was similarly evaluated. As a result, the sirain of 1nm was obtained. Thus, it

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



coefficient being 110 x 10-7K). Conponents 1A B and conponents 2A B were
fixed by the use of bolts inserted into through holes to cl agpu,heog! ass.
Each of the conponents 1A 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 glass was fixed by
the fixing jig, it was confirnmed in accordance with the Japanese Opti cal
A ass Industrial Standards "JOAd S 14- 194 Measuring Method for Strain of
Optical dass" that no internal strain occurred at the roomtenperature

(23 C). Thereafter, the glass and the fixing jig were cooled down to -25
C. The str aiesuliing fromrheslifferancein thergrhexpansion neeflisient Pamsercla gased.
Asa result f%al n Qf 1 nmwas obtained. Thus, it has been confirnmed
that the st?'&‘i’ﬁ"q 0889 ByetheMdariation in tenperature and 18 July 2005
23 resulting fromgthe d|f nee o her mal expansi on coefficient between
t he glass and th ”}ﬁ’zﬂa ']’?EXF‘E‘P\F@ smal | . [ Conparative Exanple 1] A

borosilicate optical | Ny i %
ol % -11-nmol % an gO%W@B Béea(?tg%ﬂesl %93(& Z%Og gﬁgli%) dlmx ]
1 cm and supj &di9d d RioPR! nfmdm Qﬂdte’\ﬁlomp%pte%tﬁéw %§%hhb§ﬂ¢r% a size

Thereafter, in the manner simlar to Exa e gl ass was cl anped by

the fixingof1g tShavsmiandriubiedled b@hsfhux@dn tWoeoposis shidfdces tiharatl
expansion coefficient of 75 x 10-7/K. In the manner simlar to Exanple 22,

the gl ass ahidereafterfinthagdringr senitardo dbednplEas, the giassweas clampeshist® i n
the glass and was sinmlarly evaluated. As a result, the strain of 8 nm was
obt ai ned. THxiag jigtshess md%lgnS toheifixadd Thatglasrehad adheroal 4PaRgPN nduced

due to the variation in Zlnperature [ Exanpl e 24] On the surface of
each of th@@@@@*@négbgﬂ(aﬁ@e %or'“éhﬁ?/\maffﬂelftsém“ﬁféﬁlE@m@[ﬁé-’?aéfh%glﬁstslQﬂ%

shown in Tail?lleeflxmg fig fetd dobidl. PaHHPAPSn Wdd flenUaBebR e §2is8'and was

similarly evaluated. As a result, the strain of 8 nm was obtained. Thus, it has
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 filter having

the compositions shown in Tabié i, a 1.55 1t m bandpass filter of a Fabry-Perot
“ftype was formed by the use of TaoOg and SiOg as a high refractive index

material and a low refractive index material, respectively. The film structure
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 combinations 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 SiO9 as a starting

s
o

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



type was fornmed by the use of Ta206 and SiQ2 as a high refractive index
material and a low refractive index material, respectively. ghgybbbsn
structure was given by a conbination of the glass

substrate/ (HL) 7/ H2L(HL) 7H air, wherein His representative of a high
refractive index dielectric film L, alowrefractive index dielectric
film Fromthis fact, it is readily undgastood that the above- nentioned
structure was given by successively depositing, fromthe glass substrate
si de, seven conbinations of Hand L fil rrsagéourteen films_in a{:{gt al)

al t er nat el yiag6lsas astartingengderial. ns! ishsybsirale {RAPsiie s 3¢ henti oned

above, a single L filmon the two H filns, seven ¢onbi atior} of alternate

H ?rtr;d L filns onM%Uﬁmgﬂbwﬁszﬂqﬁhoaﬁhﬁ tarf@fmj%e ﬁﬁﬁﬁ*ﬂc{%mqa%egsv .

o o ey e oS ol APl R PR AR AL P 111
t .

starting mitE o WIS U Gorhbo ol B AR QoS e OR0othyLaRS BF °

made of the,harBAr atH(E, ig%g%ﬁﬂﬁﬁeafthéthﬁe%%m%n sté%ﬁ!}(ﬁWé?y@fxcémwpticm

filter at a tenperature between -20 and +40 C. For e gl asS having the

conposi ti o glE%aaPbethkbthbheompbyitioas wibe SRRIZMY dvahested ObAgisheskn ifihus, it
was confirmed ?hat the thermal stability was very excellent. The gl asses

of the ot hehe tastpatirhh imElabte ¢, shervhlaek petwedn 0.6008 Ag/Eraowh+0.0020he | ast
colum in [Table 1 ], the val ues between -0.0008 nm K and +0, 0020 nm K
wer e obt ai med/K Wees obiainaths Fuis itrwesicenfimeddbat Wertharmat sigbilint YagasWer y
excellent. Herein, it is noted that the transmttance and the reflection
char act eri $Picelierloncer ned .mith an incident |ight beam can be cal cul at ed

f th f tive.ind d.the, thi : t ti fil '
the i l'm Struct U8 eihd apimthtis oo dOBRERE A tha RSB ari Lat i on pl anc

of the i nc%%‘?%teh.éﬁégc pﬁ%cFWll;th dr ih\%lieﬂﬁfi#}ﬁ Heane 86 beddiERatcdpdthithe t he
mul tilayer has™ an optical thickness I'C s usually equal to one-fourth
of the wavehgaghilk indexes and the thicknesses of the respective films in the film

structure and depend on the wavelength and the polarization plane of the

incident 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 fhe one-fourth of the wavelength (A /4). The
qhigh refractive index material may be, for example, TiOg, TapOs, HiO2, ZrOp,
CeO0s, AloO3, Y203, ZnS, MgO, Las03, CdS, and Si while the low refractive
index material may be, for example, SiOg, MgFo, and ThF4.

Such an optical muitilayer 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 the light beam in the near wavelength range. As a
result, the optical filter Whicﬁ has the above-mentioned optical multilayer is
appropriately available as the WDM optical filter.

[Exampie 25]

Provision was made about a glass substrate which had a diameter of 50

LWF
o
o

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



(A/4) or an integral multiple of the one-fourth of the wavelength (A /4).
The high refractive index material nay be, for exanple, T19Zsufaged, Hf 02,
Zr2, Ce02, AI203, Y203, ZnS, MO, La203, CdS, and Si while the | ow
refractive index material nmay be, for exanple, Si 2, MF2, and ThF4. Such
an optical nmultilayer constitutes an interference filter of the Fabry-
Perot type and has a high transmttancezsv thin a narrow wavel ength range
and a high reflection characteristic in a wavel ength range near to the

narrow wavel ength range to reject the |ight beamin t near,. wayel engt h
e e 8 Sdeh a0 SHS Bptakiaad. T amolken. Bt Ty o-2areE0s
optical nultilayer is _appropriately avail abl e, as the optic 6 filter.
LExanpl e 28710¢h $70h 8A0nad Nedlas Bubirale 4fasRosARe o bR gH o8 Jpeisor.
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on both sultarBEERAER et pdsy PRhd BRI 44 B Ao REeD e G gl 20
the SOG- LyRgcEabr i RE'sRIcH) WS PiRR8sbhIySferh MeMbrdissiordiand of 1544

nm was deposited en one of t surfaces. In"the 50G4# WDM transm ssi on

syst em nentheRRY bBRI€ErehightrardMifaNed bhed lyginetintoreal bétaeen thands
(nanely, the interval between the center frequencies of the transmttance

bands)  was ceqterlfrdquehic@Hf, the tra@srhittanceSpenas) wes ¢gual it 60dptizcar 0.40Mm.i | ayer
was deposited to a total thickness between 30 u mand 40 u mand was
formed by Spesifivatly tbe apkisalonuitiiayes wasdlepiosited itp ggtotalhicknesekeMeen3d

Substr at e VS ¥ AREGMATShER o0 RLamet: Pzt Of de2Pp 4 HIGR R " 5r 1
T B i Sbedhl LT Rl P 6 98 oAb BB ABRRL
ﬁgﬁln'eredm . 1RE LR RhstrhiEwBs Y BT HEuRERRPES Strfhbe SR RPQWRCKRIE! oned
of 1 mm to expose a rear surface subjected to optical polishing. On the rear
surface exposed by the optical polishing, an anti-reflection coating was applied.
Thereafter, 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 whiéh were operable as optical filters. Each of the
| ﬁoptical filters was estimated about temperature stability at the cen_‘ter
wavelength of the fransmittance band which may be called a transmission
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. It is noted that the above-mentioned temperature range is véry
.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 bee_n found out that

such temperature drifts are extremely small, as readily understood from Fig. 4.
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" Taking this into consideration, it can be concluded that an average femperature



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 opd igpbodg | ters.
Each of the optical filters was estinmated about tenperature stability at
the center wavelength of the transmttance band which may be called a
transm ssion center wavel ength. Referring to Fig. 4, illustration is nmade
about a variation of a transm ssion ceiger wavel ength within a tenperature
range between 0 and 60C. It is noted that the above-nentioned tenperature
range is very inportant for estimating filter characteristics. As shown in
Fig. 4, a nddfhis vary sieaipwithindhe ilusiratechignpsrature iaege agd dhatdheenper at ure
not hi gher than 25C Ile a positive tenperature drift has been observed

wh
at a t enper'gMmpesaiyrg Kkt may be rgg ,Jqqaﬁt%¥§fp H tompasaiurg Adiansal 9 Bwever . it
h b f d t hat h t t i ft ’ LI .
e Te ettt Pahae RHSNgSd RS Rk etiatie ¥ PR led YT BTG POSveL o0 b
| uded t | i c |1
oo Rl e BedRhR S0 JaRREERLY kit Mo R debriep ey ST

nmay be r egmgﬁﬁa@éﬁla%‘?é fbrﬁber%tﬁr@rm%rﬁtté@??fﬁét%rt%g,eéﬁ ek@eRely) SBBRY ature range

changed fr e negative tenperature the positive tenperature

drift. If tieenpbanure BeAAASSStIc &IF0ES ablibRshed déther arusesl working Mai n
avail abl e tenperature (roomtenperature), an extrenely stable tenperature

char act er i seémdronamertgnessahighsteetpanatuné envirersmaeht)wor ki ng  envi ronnment  ( not
so high tenperature environnent). As nmentioned before, it is to be noted

that the tenper atAs eentioheddmionse it is Enbe neted thad tha teraperaiwe didrearmbet he
room tenperature by adjusti ng each amount of R20 and T102.included in the

gl ass substrreé.‘fjé.mdl' sHhplantehraso &t iﬂ?e_i FOQR RMPRI A, byadiysting gard in a
Fovever, 11 auRPRl MO SIPRICE Hofdeih ihe B St e ari 1t Twes. equa
to -0.0004nM Ky temperature drift shown in Fig. 4 is measured in a comparatively
narrow temperature 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
“1, 07/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 TaoOg and SiO» films alternately deposited on the glass substrate.
~ In the illustrated example, the TaoOg film is in contact with the glass substrate,
as mentioned before, and the TasOs films and the SiOo films are partially
- omitted from this figure.
Referring to Fig. 6, an average linear thermal expansion coefficient and
a temperature drift at the trainsmission 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 1to22 and a
4, relationship between the average linear thermal expansion coefficient and the

temperature drift is illustrated about each optical filter.



within the tenperature region between -20C and +40C, when the estimation
has been carried out in a manner simlar to Exanple 24. Theighapsoes the :
optical filter had an average |linear thermal expansion coefficient of 112.5
x 10-7/K within the tenperature range between -30C and +70C. Referring to
Fig. 5 the optical filter for WDM has a gl ass substrate and a stack of
Ta205 and SiQ2 filnms alternately deposi2®d on the glass substrate. In the
illustrated exanple, the Ta2®b filmis in contact with the glass substrate,
as nmentioned before, and the Ta205 filnms and the SiQ2 filns are partially
om tted from thi Comgarativedefplersd to Fig. 6, an average |inear thermal

ﬁplgmf: t Erklé\{ i@ﬁtﬁﬁ?r ﬁg@%?ﬁc%%%&éoﬁe Zhce brBepat il Wf%ﬁ%“’%‘i b
subst r at e ﬁ?ﬁjﬁ%‘? 8? 3&30525%%313@%5%%‘%% ?g@%\ydatgns?g%%tgéﬁfhi p get ween the
average | near tferpnl ,AKBAORIIRR 1§ BRAHipH 24! meagduiifent pa@atakeLsfandr i ft 15

~i-+l ustrat-ed about each opti cal ter. 18 ‘July 2005 -27 [ Conparative

Exanpl e 2] dfpbhfurPadSindentlylciithd pelk ¥anbRngth. aAdandpaitshéivatuer ofnas
prepared by Phe use of a borosilicate optical glass BK7 as a substrate

gl ass. |In QEnsmARK vegobtamdd Bxaaptrusehniimmasithetibetthaemalsiaeilit t he

t enperature dependency of the peak wavel ength. As a result, the val ue of
0. 0055 nni Kasgsoartasacoragardd withshe fitker GfdhisiiPYRMIGhat the thermal stability
was poor as conpared with the filter of this invention. [Exanple 26] Next,
description wil " [bsamptee2@lbout an embodi nent according to the WM opti cal
filter of this invention.

. Fig. .1 shows. a schenmatj ' f in
descri bing an opdYeti %?F’%‘R“Bﬁt"?"&gf' %\A&? ?bB?%ﬂﬁb%%?ﬁ%e&&ﬁaqégﬁi ed out
by opti CalW E)bﬁclzsﬁ)%ﬁtreé g? milé Hv%h%r?.r * Fig. 1 shows a schematic diagram for use

| in describing an operation of optical multipiexing/demultiplexing carried out by

optical multiplexer/demuitiplexer.

On the glass substrate which is formed by glass selected from
Examples 1 to 22, a dielectric multilayer film is deposited to prepare optical
fﬁters (4A, 4B, 4C) having transmission wavelengths A1, A2,and A3,
. respectively, and reflectihg other Wavelengths. Signal light composed of the
ﬁwavelengths A1, A2, and A3 is supplied to these filters. Then, the signal
light is split or demultiplexed into the wavelengths A1, A2,and A3 after
passing through the filters. Thus, the ébove—mentioned structure serves as a
| device for splitting or demultiplexing multiple wavelength light into individual
wavelengths. If the light traveling direction is reversed to that illustrated in the
figure, the structure serves as a device for multipiexiﬁg or combining the
wavelengths A1, A2, and' A 3 together.
Next, Fig. 2 showé a schematic diagram for use in describing an
optical multiplexer/demuitiplexer (combiner/splitter) for demultiplexing or |
splitting eéch wavelength component from a signal light beam including four

wavelength components.



On the glass substrate which is formed by glass selected from Exanples 1
to 22, a dielectric nultilayer filmis deposited to prepare®pi o8bs
filters (4A, 4B, 4C) having transm ssion wavelengths ~, 1, A2, and A 3

respectively, and reflecting other wavel engths. Signal |ight conposed 01’c
the wavelengths A 1, A2, and X13 is supplied to these filters. Then, the
signal light is split or demultiplexeddtto the wavel engths A 1, A 2, and

A 3 after passing through the filters. Thus, the above-nentioned structure
serves as a device for spljttjng or denultiplexi mul tipl vel engt h
light into individd@lu &Q@ﬁﬂ? Q!qur@W%’%FSWF‘”B&%%W%&PEW\?A@&ion i s
reversed to at i]lustrated in tk fLQuLe, -th

Gevi co.for RBIAS BXPRPSIneCombPh s (RS Shaatl SR By R Eee s B,

t oget her-. ' WG £di Bt i bing an
opti cal wﬁé%ﬁ%@e‘??@%&ﬁ&%ﬁgx@r %@%m&%@%@%@gg eérirglatgaiépllexi ng or
“splitting egedh fli@Pwaveiedi@ bbhaht Theseiitee helieng four
~-wavel-engt h- _Conp%\%‘e’ﬁ![trgﬁgé%}eﬁgﬁ%‘;%géal -@g As-vi | E’ﬂ rated in the figure, an - -
optical denmyhhbpliaxet wakeRpltts or1,i s 2,ohtRiamed Ay, eepeetivehy @ignaldighti | t er s
(5A, 5B, 5C, 5D) f-ornmed by the use of glass selected fromExanples 1 to 22
and by fi xi pgaestehgibet ita] XP) ted, vot)emied frorebeingle-modadiper €aMM) &isa
signal |ight wavel ength band. These filters have transm ssion E\ﬁvel engt hs

A1, A2, Acolimaied hys lensSoand isvesigentgodhglonticghdemuliipleies RgSRIMER 1, A 2,
B and | 5 i napaaruE 85N 1GHEY CunodoNtA- | BrexBvelnaty it Kt
e opt cal toulins APl AR aAGRP AR ke AR GEM RN IS Gl
froma changﬁ}iﬁ%‘ H&‘fé@éﬂhsm; hTﬁégvéXegquhtmg R Shengveiéngthl Nahfight, and

i
the wavel en . are reflec . he optical filter HBA to be
| ncident t %nﬁﬁﬁe‘%@%\)ﬁ%gtﬁ' hlaighe Bréfefidctaisby @i dplicalfilter 5Adube indidenhe

e

optical filter 5B,
{o 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
A4 light are emitted from channels C and D, respectively.
In wavelength mu!tipiéxing transmission, let the optical
‘multiplexer/demultiplexer apparatus have a single mode fiber (SMF) 9 arranged
ona transmiséion side and single mode fibers (SMFs) 10A-D arranged on a
reception side. Under the circumstanf:es, the apparatus serves as an optical
demultiplexing apparatus for demultipléxing 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 ras an optical multiplexing apparatus for
multiplexing a plurality of light beams into a single light beam having muitiple
wavelengths. At any rate, it is possible to attain the optical
multiplexer/demuitiplexer apparatus which has a temperature drift between -
0.0025nh1/K and +0.0025nm/K and which has therefore a high reliability.
Particularly, the illustrated optical multiplexer/demUltiplexer-appératus has a

high reliability in wavelength multip!exing'communication in which wavelength



mavelength A2 light is split or demultiplexed to be emtted froma channe
Bin the nmanner simlar to that mentioned above. Likew se, 1§hgiykods! i ght
and the A 4 light are enmtted fromchannels C and D, respectlvely In
wavel ength mul tiplexing transm ssion, - et the optical

mul ti pl exer/denul ti pl exer appar at us have a single node fiber (SMF) 9
arranged on a transm ssion side and sing)le node fibers (SMs) 1 OA-D
arranged on a - reception side. Under the circunstances, the apparatus
serves as an optical denultiplexing apparatus for denultlpIeX|ng a single
li ght beam@ainieorepb@raMeryclose to hoewnntherngtthe high denstv i ght - travel i ng
direction is reversed to that illustrated in the figure, the ap gfratus

sfer ?/eshasban opt i Aegor ﬂ&ﬁoﬁh@%m‘?@gbm%{ﬁlﬁf equamﬁmtw glesgisHgsta ‘ﬁh@hl ty
oy e, 1 & SR ates el etal Sinnfe paadiin d?%ﬂ | exer
0P G02snn iaibsAR ek a9 PhrdhErtals é’%ﬁﬁgﬁ %?#‘%fﬁ?'gi‘f% Wi R a1y, the
il lustrat edaﬂmjb)vaé‘ﬂe Wkﬁ%mﬁl\r?%ﬁgfl’p&Wcﬁ XI ] on | ﬂée\%@a@ fifter. N

reliabilit vel engt exing co n|c h mavlﬁength 18
Jul'y 2005 e?cﬁilmﬁ@@él% A58 obfdidied HRSW DR PR aRMSMATd Wetdptiahi gh density.
According to this invention, there are obtained the gl ass substrate which
has a suff mu&mleﬁwﬁ:mumapleaer aprer btusnwhiokads kery se@sts iratheaentpurantre drifit i c,
and the desired average |inear thermal expansion coefficient, and which is
appr opr i at eéatftbe Centerwsdradlengihiwithivithe passrband gindwihigh Hapid) hlgbtreb@mlutyu | ter.

In addition, there are also obtained_the WoM optical filter and the

opti cal mﬁgqlwte@(mla@ﬁ}meﬂfﬂ”é%ﬂ apﬁﬁ'ﬂﬁiﬁméorﬁhltdﬁpi)%s'b'@@ AL EE in the
tenperatur%ﬁdrlft th within the pass ban
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glass material. 18 July 2005 30 Clainms: 1. A wavel ength division

mul tiplexing (WDM optical filter conprising an optical nultilayer coated
on a surface of a glass substrate, the glass substratelBeingy 26Phed from
gl ass which includes SiQ2, Ti 2, and R20 (where Ris an alkali netal

el ement) and which has an average |inear thermal expansion coefficient
that is determned inrelation to the optical nultilayer coated on the
substrate and that falls between 100 x 10-' and 130 x 10-7/Kwithin a
tenperature range from-30 Cto +70 C3®. A wavel ength division

mul tiplexing (WDM optical filter conprising an optical nmultilayer coated
on a surf@@Ensf a gl ass substrate, the glass substrate being fornmed from
gl ass which includes, as essential conponents, Si2, R20 (where R is an
al kali metal el errent) and Ti 2, the essential conponents being not |ess
than 60 mbl % |A1W§\@tf%ngtrs@wa@ntrwlww (ViiaMy opticabBiter comprisingren oplicabx pansi on

coet ricient to AR ShababASHIBLLE: o SassHRYEICHAl Il 8 98 ot | Pl eXi g

~(V\DM) - opti-cal ter conprising an opt coa 4 surface
of a gl ass subdermaddrom glesywhich inollsies Si@ e T, ang Ri(b(meﬁlemn@ul@@s whi ch

| ncl udes, as_esnafididherfPIRANAB: fa séh%raggﬁnégm el Sohisiofcaldtd Tetal

el errent), and Ti O2, e essenti a one eln an each
amount of the thaii @ﬁtﬁ@lmﬂﬁpdﬁlem%todhﬁeptiqahmnltltayer @Eé@wmmesut)mgnents o)

as to adj ust a@m ‘(r‘?aft gbLF rwtoh(e,[ ﬁ%q{l ff
predet er m ned va ?% W%%&DM Ical” i1l gdrﬂggﬁﬁﬁ sﬂlené)gﬁgurgqf]&e
substrate as clframmiﬂ Crtoc78i°@. 1, 2 or 3, wherein the glass substrate
conprises, by nol% Si2 38-58% Ti2 7-30% A1203 0-12% and
2, 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,, R,O (where -
R is an alkali metal element), and TiO,, the essential components 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, SiO,, 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%
Al Q5 0-12%, and

total amount of R,O  15-40%



total anmount of R20 15-40% 18 July 2005 31 5. The WbM optical filter
conprising the glass substrate as clained in claim1l, 2 or {8JuWbessi n the
gl ass substrate conprises, by nol % as R20, Na20 10-25% and O 4-15% 6.
The WDM optical filter corrpri sing the glass substrate as clained in claim
1, 2 or 3, wherein the glass substratg— conprises, by nol% SiO2 38-55%
Na20 13-25% K20 2-15% Ti Q2 10-25% B 0.5-8% 7. The WOM optical filter
conprising the glass substrate as clained in claiml, 2 or 3, wherein the

gl ass substratfhe W@iwgﬁtﬁsaﬁﬁltér%%bngﬂg? t%&és%b@fra@@sdﬁﬁmgd% clﬁfﬁe gnd fr om

a group consisting of kal 1 ne earth” netal oxides and zinc oxi
WM optical fid t\ﬂé\er%ﬂﬁw%ﬁ&ﬁ@bﬁﬂﬁ@e@pmgswbsmoé%ea%BzQ| aimed in claim 1 2
or 3, wherein the glasgyggpstrate incl %, gy ol % a total ampunt of R O

between 2% and 15% 9. The \DM opti cal f71ter conprising the gl ass
substrate as claimed in®aim1, 2 or #15%herein the glass substrate
includes R O, MO O- 13% CaO 0- 10% SrO 0-8% BaO 0- 6% and ZnO 0-10% 10.
~The-\\DM-opt-ical -filter- rrgrl sing ‘the- gl -ass substrate as clained in claim

1, 2 or B, whkrEdNRPM ﬁfét'C@ tascgmnawmti@ glarsi apetsatelns glaimeg in claim 1, 2 or

3, wherein the glass substrate camprises, by mol%,

SiO, 38-55%
Na,O 13-25%
KO -2-16%
TiO, 10-25%
ALO, 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 mol%, 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 giass substrate includes R'O,

MgO 0-13%
CaO 0-10%
Sro 0-8%

BaO : 0-6%, and
Zn0O 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%, '

o



18 July 2005 32 MyO 1-13% 2ZnO 0.5-10% and Sb203 0-1% The WDM opti cal
filter conprising the glass substrate as clainmed in any one of <clains 1, 2
or 3, wherein the glass substrate includes, by nol %;gZi;Q8y028%% Hf 02 0-2%
La203 0-2% and Y23 0-2% 12. The WDM optical filter conprising the gl ass
substrate as clainmed in any one of <clains 2 to 11, wherein the average

Il i near thermal expansion coefficient falls wthin a range between 100 x
10-7/K and 130 x 10"7/K within a tenperature range from-30 C and +70 C
13. The WDM optical filter conprising the gl3&ss substrate as clainmed in
claim 12, wherein the average linear thermal expansion coefficient falls
within a range betweerMdD®5 x 10-7/K amd1320 x 10-7/K within a tenperature
range from-30 C and + C. 14. The V\[q\/é ti filter conprising the

gl ass substrate as cl aizr7'rqg)d in any one of 'qglﬁ'a%ﬁré 1 to 13, wherein a Knoop
har dness is not smal | erSi:@an 455Mpa. AD-¢%tical filter conprising an
optical nultilayer coated on the surface of a glass substrate, the glass

—substrate-being fornmed from glass which includes Si-02, Ti 2 and R20 (where -

R is an afkal i TV eptmekiitey camgdrisifg thle diess sahsteate naglrirhedieany bhe ofral

il i1 ayer coat8ieoh 2ke: »atiie Bl Ak PR Baddeen 106 x 107 and

130 x 10"7/Kwithin a tenperature range from-30 C and +70 C. 18 July 2005

33 710, 0-2%
HfO, 0-2%
La,0O4 0-2%, and
Y,0s 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.

An optical filter comprising an optical multilayer coated on the surface of a glass
substrate, the glass substrate being formed from glass which includes Si0,, TiO, and
R0 (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 107/K within a temperature range
from -30 °C and +70°C.



16. An optical multiplexer/denultiplexer apparatus conprising an optical
filter as claimed in claim15, wherein the optical nultil ayepugoopsises a
plurality of dielectric films having a band pass function due to optical
interference. '17. An optical filter as clainmed in claim15, wherein a
tenperature drift at a center wavele h of a pass band falls within a
range between -0.0025nnm k and + 0.002Enm K. 18. An opti cal

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

cl ai med i 15.cl aAM opicA” mEkigleReridemultiblexr BRbARELC boMBHAGhUbtiedl GléSss Whi ch
is used as a glass substrate of a_ 'wavel ength division nultipl exyngo§V\D|\/p ,
optical filterciigiedelt ByingciSosvherein thn orfisali Bwltilayer tdomplises whPlIFAIRS of | xedl y
attached to a GebHe fin®d hdvily Ibartoadhnidiah BuédBoptithiifBidpc& band pass
filter function, the nethod conprising the steps of. adjusting amounts of
Si 2, alkali metal oxides, and Ti Q2 operable as gl ass conponents so that
an aver aggy | i NERiopliti Fitd aLYBARY ALISRETS, \IRSh J RidperdileMidh 4t a CoRkF i Ci ent
~range -between 100 x 10 -7 and 130 x 10 -7/ KW thtn a tenperature range -
from-30 C angvavelength 2 a. passpandoldliayvilbinap raagde detregnnr 00250k énd + he
amounts of R20petsbnfi/k2 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 ti pl aygy vviAmbaidahﬁuﬁg@x&vd@aﬂnﬂrg%@##gﬁémg%hﬁr Bsih@nge. VDM OPTI CAL

FI LTER AND GLASS SUBSTRATE FOR USE | N E WOM OPTI CAL FILTER Abstract A
gl ass subst r attBe optigabfiltaras claimed inmiaionts erglaimi1% er whi ch has an opti cal

mul tilayer coated on the glass substrate and is forned by glass which has a

conposition related to the optical multilayer so as to assure stable
mul ti pl exiSg/ dbmiethed| xmarfeguing olass i whiehds oised sl af glasesubstrate gif s
i ncludes Si O §pdvklchgth AivEidRS fulBleRb KB Rt FitBA forRRd AL HBSSitng SR
t hermal expansion coefficient
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 SiOQ,, 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 R,O and TiO, are
adjusted with reference to an available temperature range of the optical filter so
that a temperature drift becomes minimum at a center wavelength of a pass band

of the optical rn_ultiplayer within the above-mentioned temperature range.
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bet ween 100 x 10(err)/K and 130 x 10(err)/K within a tenperature range
between -30 C and +70 (err). The glass may include TiQ(errjg july 2005
Al (err)Q(err), and R(err) QR alkali nmetal element) in addition to

Sierr) and may have a hardness suitable for the optical nultilayer.
Figure 5
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WDM OPTICAL FILTER AND GLASS SUBSTRATE FOR USE IN THE
WDM OPTICAL FILTER '

- Abstract .

A gl';ss substrate is for use in Fa WDM optical filter which has an optical
multilayer coated on the glass substrate and is formed by glass which has a
compositign related to the optical multiléyer so as fo assure stable
muliiplexing/demultiplexing operation in the optical filter. The glass includes SiO; as
a glass network-former ‘and has an average linear thermal expansion coefﬁ;i;nt
between 100 x 107/K and 130 x 107/K within a temperature range between -30 °C-
and +70 °C. The glass may include TiO,, Al,Os, and R,O(R: alkali metal element) in
addition to SiO; and may have a hardness suitable for the optical multilayer,
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