WDM OPTI CAL FI LTER AND GLASS SUBSTRATE FOR USE IN THE
WDM OPTI CAL FI LTER Background of the Invention: This
invention relates to an optical filter used in afield
of optical conmunication to select a |ight beam of a
specific wavelength fromnultiple wavelength Iight-
conponents. This invention also relates to a gl ass
substrate for the above-nentioned optical filter. In
particular, this invention relates to a WM

(wavel ength division nultiplexing) optical filter.
This invention also relates to a gl ass substrate for
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specific wavelength light beam from the combined light beam. Herein, it is to

be noted that the optical filter used for light combination and separation has
been called a WDM (Wavelength Division Multipiéxing) optical filter. As such a
WDM optical filter, 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 multifayer film of SiO», TiO», TasOs, or the like
formed thereon. Such a dielectric muttilayer lem is operable as a band-pass
filter (BPF) by giving a function which transmits a particular wavelength light
beam or which reflects the particular wavelength light beam. As a rule, the

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



t hermal expansion coefficient of each of the glass
substrate and the dielectric nmultilayer film (Haruo
Takahashi, Applied Optics, Vol. 34[4], pp. 667-675,
1995). In the above-referenced article, description is
made about the fact that a-center wavel ength within
the pass band is drifted or shtfted towards a

positive direction (nanely, a | onger wavel ength
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descri bed above he tenperatire ban
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obstructs a high density optical comrmunication. In

aodipticahmudiiphexartdepnatipleper vsed fri & vavelemgth muiltiplexing
(tjrgggr%\llgs?ér? eec%%?qdenotg cl;;:?tgcai communication, the influence becomes
serious because such a narrow band constraint inevitably restricts a
transmission density. Following an increase in a degree of wavelength
multiplexing, there arises an increasing demand for an optical filter having a
‘more stable characteristic over the variation in temperature as well as an optical
multiplexer/demultiplexer using 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 complicated structure.
Therefore, the difficulty in assuring a long-term reliability is increased and

devices and apparatuses become more expensive.



peeling off of the multilayer fromthe gl ass substrate
is liable to occur due to a tenperature variation.
Summary of the Invention: Taking the above-nentioned
background into consideration, this invention has
been created so as to reduce_a tenperature drift at a
center wavelength of a pass3band and to thereby avoid
peeling off of the dielectric nultilayer. Mre
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this invention, a glass substrate for the wavel ength

mul ti gt Barnghereobjeti ¢f this ingerdjan togdrovidetzemetnat ofs

formed by glass which includes Si 2, R20 (wherein R
miagufasuringeglaas whiclohagaa thekadli expangion coefficient perfinent to a

substrate material for a wavelength multiplexing/demultiplexing optical filter.

Such glass can be obtained by controlling an amount of specific glass
| components.

According to a first aspect of this invention, a glass substrate is for usé
in a wavelength multiplexing/demultiplexing optical filter and is formed by glass
which includes SiOo and which has a thermal expansion coefficient between
100 x 107 and 130 x 107/K within a temperature range between -30 and +70 °C.

According to a second aspect of this invention, a glass substrate is

used for an wavelength multiplexing/demultiplexing optical filier and is formed

by glass which includes SiOo, RoO (wherein R is representative of an alkali

- metal element), and TiO2 as essential components and which comprises a total



el ement), and 1902 as essential conponents a total
anount of which is greater than an anount of each of
t he renmi ni ng conponents. According to a fourth aspect
of this invention, the glass nentioned in connection
with each of the first through the third aspects
conprises, by nol% SiQ2 38-58 % Ti2 7-30% A1203
0-12 %and R20 15-40 % in total. According to a fifth

ofitheeessartial bbmﬁbne@t@tdwamallbﬁtr@haasnmti oned in
connection with the fourth aspect conprises, by nol %
as R2@Accodh@ iDa26i9d aspect KR thiginladiorcr glags sgbsivate for the
sixth aspect of this invention, the glass nentioned in
wayrieneth sidiiplexnaiiemuiiplexisg spterldilignandliefarmeddby glass
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comvestionowith eheh of drsfirgeihrowiiethe third tkpese\miprisasP 8¢imol%s,
conprises, by nol% a total of R O between 2 and 15 %

According to &ifionth aspect @8-88i% invention, the
gl ass nentioned_ in each of the seventh and the eighth
aspects conprild@®, as RO by/md% MO 0-13%

Al2Og 0-12 % and
Ro0 © 15-40 % in total.
According to a fifth aspect of this invention, the glass mentioned in
connection with the fourth aspect comprises, by mol%, as R20,
NaoO 10-25% and
Ko0O 4-15 %.
According to a sixth aspect of this invention, the glass mentioned in
connection with each of the second and the third aspects of this invention

comprises, by mol%,

Si0O9 38-55%
NaoO 13-25%
K20 2-15%
TiOo 10-25%
AloO3 0.5-8%.

According to a seventh aspect of this invention, the glass mentioned in
conjunction with each of the second through the sixth aspects comprises at
least one species of oxides R'O selected from a group consisting of alkaline -

earth metal oxides and zinc oxide.
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CaO 0-10% SrO 0-8% 4 - BaO 0-6% and ZnO 0-10%

According to a tenth aspect of this invention, the

gl ass nmentioned in each of the seventh through the

ninth aspects conprises, by nol% MO 1-13% ZnO

0.5-10% and Sh2C3 0-1% According to an eleventh

aspect of this invention, the glass nentioned in each

of the second through the tenth aspects conprises, by

ml % Zr2 0-2% H Q2 0-2% La2038 0-2% and Y238 . .
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t hermal expansi onvgeef ficient hgygeen 105 x 10-7 and
120 x 10-' at a tenperature range between -30 and +70
C. 6 According tGa@ fourteenthg-depect of this
i nvention, the glass nmentioned in each of the first
through the thirt8€dth aspects h88% a Knoop hardness
not smaller than_455 MPa. According to a fifteenth
aspect of this inB8Rtion, a walkbPeEngi
mul ti pl exi ng/ derru%[tabpl exi ng opté q@[, filter has a gl ass
substrate nention in conjuncti f-with each of the
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each of the seventh through the ninth aspects comprises, by mol%,

MgQO 1-13%
Zn0 0.5-10%, and
SboOg 0-1%.

According to an eleventh aspect of this invention, the glass mentioned

in each of the second through the tenth aspects comprises, by mol%,

ZrOo 0-2%,
HfOo 0-2%,
LasOg 0-2%, and
Y203 0-2%.

According to a twelfth aspec;c of this invention, the glass mentioned in
each of the second through the eleventh aspects has an average thermal
- expansion coefficient between 100 x 107 and 130 x 107 at a temperature range
between -30 and +70° C. |
According fo a thirteenth aspect of this inVention, the glass mentioned
in the twelfth aspect has an average thermal expansion coefficient between 105

x 107 and 120 x 107 at a temperature range between -30 and +70° C.



mul til ayer deposited on the substrate. According to a
si xteenth aspect of this invention, the optical filter
has a tenperature drift between -0.0025 nni K and

+0. 0025nm K at a center wavel ength of a pass band.
According to a seventeenth agpect of this invention, a
wavel ength nul tipl exi ng/ demul ti pl exi ng optical unit
has the optical filter nentioned in each of the

fift eeAtdording tblefosiitsbattrddpens petHisinvAation,dhe glass mentioned
ei ghteenth aspect of this invention, a nmethod is for
imeach attherfiraithgpughsthedbifteentthagpents haslasiKna e hafdress not
optical filter. The optical filter has an opti cal
smalier thaedSWMiPéh i s fixedly deposited on the glass
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manifatdating plgiss usedrin alglass suigstadeiof ah aphital filtarendbe opdical
rentioned before, it is necessary to reduce a
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art*i)él r\}v%&]nhég a b\lé%\éepl)a%%gfh{ér function. The method comprises the siep of
obtaining the glass which has an average thermal expansion coefficient
between 100 x 107 and 130 x 107 at a temperature range between -30 and

+70° C, by controlling an amount of TiO» and alkali metal oxide RO as a glass
component. | |

According to a nineteenth aépect of this invention, the method
mentioned in the eighteenth aspect adjusts the amount of TiO2 and RO in
consideration of a usable temperature range of the optical filter, so thata
temperature drift at the center wavelength within the pass band of the optical
multiplayer becomes minimum in the usable temperature range.

Description will be made about this invention more in detail.



mul ti pl exi ng/ denmul tiplexing. Herein, it is to be noted
that the above- nentioned band pass function can be
acconpl i shed by using the optical interference in the
mul tilayer. This means that a reduction of a
tenperature drift needs to decrease fluctuation anong
optical lengths within thelnﬂ%ilayer due to a
tenperature variation. is to be considered that the

fv'ar”f:;? biotds SiEe ?Sf'és It ool BRI G SRt Pt e
8‘3‘%%'%3/ #@ﬁg_{j Io‘?\nél st A bR fadeh h%@??éf?écti% index

Tl o consideration nust- be al so

'Eﬁg@ctﬁp‘?% ér{beagﬁﬂeﬁilﬁﬁretlﬁ@ex SRS HriSHBS bh@‘b@ fbEmimlgsm optical
e d

rmal’l'y expanded or shrunk together with the

'FHuI§|!alyéb’%icml%‘?h)ban@fbéﬁ@tfuﬁ@tﬁorﬂpdtésmz@ﬂﬂbugmarspdmélc
—optical filter s exposed to a variation of a

vesgessrigth iof lighswitieiadnéidentiiht dieaoy biyrusing hpticad dvterference.
since the optical nultilayer is fixedly deposited on

the gl ads reentianest beforg fitisaiecepeande redioea domperature drift at a
i nposed onto the optical [tilayer, due to the thernal
eepiaravarelerathdn @ paGRRA "B{m ¥eengifhst rate when

TSR AATAAN B P

Ty Bk B g A By g s s

‘?Hlte'rf%?énéﬁ‘fntmb%ﬁﬁllay@?r eTHis ndarisSthas aeedctidresf 4 temperature
variation of the thickness and the refractive index
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found ‘'out according to the inventors' experinental
Statttitien dfmtentperatwape Astrendildunderstens from the above, since the
~ optical multilayer is fixedly deposited on 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.

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

the thermal expansion and shrinkage of the optical multilayer. in this event, it
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be reduced by rendering an average |inear expansion

coefficient of the glass substrate into a range

bet ween 100 x 10-' and 130 x 10-7/K (preferably, 105 x
10" and 120 x 10'/K) within a tenperature range
between -30 and +70 C. As nentioned before, it may be
considered that the stress ha to be caused to occur
bet ween t he gI ass substrate and a contact surface of
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gl ass and provides a glass substrate which prevents an

opti cal AsirbkifidryEbeford)it ey b qesidgediiiatithestrebe has to be
gl ass substrate. Accor di ng to the first viewooint,
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tapdical mylitiayeras apikredyeadhe variaten ebihesnticg! 'ﬁﬁﬁW@rdue tothe
At first, when, any ot her ch.a

Sorperalie NaGRITD ) oo b PRRIS bf JEsn st forter tan the
forners re. no n

Ly Ao R PEOAER s MOt poldiechne

t k r

AL ARl SBRIT PRehegiasgpgionteic b agans e
tdigicOlt 36 Sbtdie BVREHK rEIRIIEY wWhieartha flasssutistete Bi@Rd. s
sufficiently greater than that of the other glass
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anmount of the
a glass substrate which comprises SiO2 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 SiOo serves to enhance a

hardness of the glass and provides a glass substrate which prevents an optical

muitilayer from being peeled off from the glass substrate.

According to the first viewpoint, SiOo preferably becomes a glass

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



latter. Thus, the inclusion of SiQ2 as the gl ass
network-former is helpful to further increase the

har dness of the glass substrate and to prevent the
optical nultilayer from being peeled off fromthe

gl ass substrate due to the tenperature variation.
Consequently, the problem of tde peeling off can be
solved. Preferably, the glass substrate has, in terns
of the Knoop hardness, a hardness which is not
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cetporeiormer $hep, arRemoURt obSiCy is sufiiciently greaterdhandhat of the
T102, a total anount of the essential conponents
eivareglasg nebvorkifosmeystanchaay\as, Jor exasnplgl &dee g amount of the
conprise, as the essential conmponents, SiQ2, RQR
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system gl ass. The gl ass substrate nay have a
KafAatomar d®§ﬁ§equdﬁt19,hthbj)rﬁbl6n$ ahtHeepedlingrofiéan bBaolved.
preferably, 460 MPa, and nore preferably, 500 MPa, as
iRratdrahiydthenglasm pubsitdte hasi trterine of tha Knepp ssdmess, larhardness
the SO2- R2O-Ti Q2 system 8| ass, Si 2 serves to harden
wrchyisaRet smelesithaa Ag5tMPanprajerably sieataridhan 460MPg@nd more
characteristic_of {Jj]e’vﬂ;ass. R20 is operable to
PEFEF Pl GReatsl © Mie&r thermal expansi on
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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 TiOg, a fotal
~ amount of the essential components exceeding 60 mol%. Alternatively, the
glass may comprise, as the essential components, SiOo, RoO(R: alkali metal
elements), and TiO2 and a total amount of the essential components may
exceed each amount of the remaining components other than the essential

components. The amount of Ro0 is indicative of a total amount of the -alkali

metal oxides.



coefficient of the SiQ2 inclusion glass to a desired
average linear thermal expansion coefficient which
falls within a predetermnm ned range nenti oned above.
Ti 2 serves to obtain the desired average |inear

t hermal expansion coefficient wthin the :
predeterm ned range and to fuk@her excel the weather
resi st ance characteristic. Wth the above-nenti oned
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strate. Suc matcmg ‘arried out

GOOIVIPL! a9 themtidREH §¢ cohjuRttis wttﬁ'th@ﬂrsbete\m:ﬁﬂnt RZO and
~Ti 2. For exanpl e, the degree of substitution between

R20 andin tm(&OQng@rtthgewsm@ms SII@gtsema@rt@tn&rden the glass
drift becones m ni num (nanely cl osest to ze

WeelhaRd de inmpEva] aaweamée%isme ChRotefwic %@Eﬁ;ﬁll%gs R20 is
room tenperature). Asa result, the avera near

cRerakle fespniralithe veage ineas thesmal @Hﬁa@'ﬁgé")@ eiggu.
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%Xﬁ&ﬁsﬁbﬁ'c@éﬁlci@t WHEHS RAE Sthind & fre@etbfrﬁmed%ﬁ@‘b\@ﬁéﬁtl’bned above.

has a wavel engt h band between 1. 6 mused f

did selvesdomimaiodhe aesirdthaseragermegh thertriad expansion coefficient
above- nmentioned systemglass 11 has a high quality as
whihirofitel predetgdradsed Nage, andbbciuirtper excelithe weatherdesistance
about anpbunts of gl ass conponents included in the
shaadterisliti o2 syst em gI ass. As regards Si02, |ess than

char act Bhd oo bR RS Rl L by b ALY Bpossivte
g@%ﬁg@‘ﬁgﬁ wartglﬁnﬂf%g?gagg lngg LHe'tr féxb@éu’t)rﬁgbgftﬂ&%n?%lthln the

teﬁﬁﬁ%dtrﬂ e 28 aMBnPeftu’ gw&lﬁ&?%oté?ﬁi YT 89m
I'i near ther ma expansi on coefficient |ower than the
RbASIEEAitInNE N @@l mulitlayer deposited on the glass substrate. Such

matching can be carried out by controlling a degree of substitution between
RoO and TiOp. For examptle, the degree of substitution between RO and
TiQo is adjusted so that the temperature drift becomes minimum (namety,
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 TiOo can be controlled by measuring each
amount of raw materials and by melting the glass.

It is noted here that the SiO2-Ro0-TiOo 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



menti oned above and, as a result, undesirably enhances
the tenperature drift. Taking the above into

consi deration, the amobunt of SIQ2 falls within a range
bet ween 38 and 58 nol % preferably, between 38 and 50
mol % and nore preferably, between 38 and 48 nol %
The nost preferable range of B2 is between 42 and
48 mol % . As regards the alkali netal oxide R20, when

total ano less than 15 nol% it is difficult
gésé‘ﬂ?'ﬁhﬂuﬁ ’éf%é\?eoﬁm Qlﬁﬁﬁd results. On the other

RO T ol e R o
ifudeRt A th@@ Hgbﬁ%%w?,ﬁ?é% ytrl cted to a range

bet ween 15 and“40“no bet ween 22 and 32

mol % 1As réghgﬁé @@gal@sg thaa B8trh619abk8ld, aetatioratisdRe weather
~R20 ‘may be 20 and/ or K20. Mxre preferably, both

MasZsPannsl ch2fiomristieandgberdade itie hiringseo$ tingdiasbe

al kali nmetal oxides may desirably consists of only

Ra2€equehtl? e dhitca multitayef is dhEIbe peekdd off frafrl the glass

within a range between 10 and 25 rmIo?( Cﬁg‘é& preL ahblg

siRsI3ica Pl ebeubeR ISoimiaashi % qioaiD2 makes { average
refe abI thin ar en 15 and 22 nol %

PhArahRaR e A ST oADK SR IE ARG iRgH fande
thln range tween 2.and 1

Blaiete fbgef% Bl a5 et S dliisR P Jo fbRlitlye arr

q’a[%ﬁ/@ the aHB{/e/‘inté%n%aﬂRfr?ftﬁé allotnt B?S\'f@? falfs wiftgin Jezprange
regards T102, less than 7 nol% of T10

Bsweﬂfsés taha BERIIR! pfeeétaﬂ@%@ﬁw@éwee@rﬂrswmaadd more

make it difficult to render the average |inear

preferably, bepsesh G8 arab48 nwil%¥nt Thiet miost preferabiaieangendfifaitdo is
range. More than 30 nol % of T102 makes it difficult
bet\r\!ﬁﬁmﬂaaﬂﬂe‘l&m%ge | i near thermal expansion

O b Sl b B STIS Bo F  tos
TSl Iy ?’%ﬁ@d -
i Ao ﬁao%%%zo Bl it Beiyance
eRaResticld? thé gladis02 TIR&Q the total amount of R0 may be restricted to
a range between 15 and 40 mol%, preferably between 22 and 32 mol%. ltis
preferable that the alkali metal oxide R0 may be NapO and/or KoO. More
preferably, both NaoO and KoO may be included in the glass and the atkali
metal oxides may desirably consists of only NansO and K2O. The amount of
NaoQ 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 preferably between 6 and 15 mol%, and most preferably

~ between 6 and 10 mol%.



Ti @2 systemglass, it serves to inprove the weat her
resi stance characteristic and to harden the gl ass.
However, nmore than 12 nol % of Al 23 make it difficult
to obtain the average |inear thermal expansion
coefficient wthin the predeterm ned range. Under the
ci rcunst ances, the anmobunt of AR2O3 is restricted to a
range between 0 and 12 nol % preferably between 0.5

and 12 |9 . refer \ . 9
and 7 ar (RaPORBr B0 RS RAL O BE R 058RS 8 Wkather

2 .ol 9 L. '
ERURRL %A1 8L g AP RN A A B EED Froar
ttﬁ@rnﬁ’zﬁ’ltéx:bﬁﬁ%ioﬁodm&%ﬁt vithith e p o%%’érﬁ%ﬁﬁ& r8gSY S8 than 30
glass but 1t serves to inprove the weather resistance
chale@of T10 s hiakebiikdiffoubio abthit thehavatagetiheagtrasmal expansion
-~ Accordi ngly, A1203 may be added as an essenti al :
coefuettfaling Withigtiassredetertriined mrget , Theeefghadhe amount of
preferably conprises, by nol% Si02 38-58 % Na20
130248ds witbira 1avge batweenihand &) raelde, pefaiably, Belagen i) and

In the above-nentiaon gl ass conposjtion,

it |s
FneeEesbirther preferatiy hatween Qiansgh@ri Mol %s Ohbet.ween 12and 22
However, . the. total upt of 0 be. restricted to
RO st e Rt 12 A BRAD s botweon 22
and 32 Q [ N . ' Y . .
Ao ai *hdugh AEROL T adiey 80aKHtRRE| ASIAoRemETnt S0o-RoO

mobusetem ighassaf@drvaintotimprie Bleoveatiey resistande characteristic
conponents, at | east one oxide selected from a group

amastodtdrdgn dtie gldsal | Mevweaet, ot thbnobd et aridzOganake it
oxi de. Anong others, it is preferable that the glass
idifficuld ts ovizih thedavrage Soedar thiskmil exparsion poefiicignt within the

oxi des and zinc oxide inprove a devitrjficatiqn .
rEsfelesminehianger t }Fn fe.creirengrs e @nota 41203 is
%legtsri%ted-rt%ug ’ra:i“‘gne%gﬁ\ife%rp‘l ¢ ];mg i1\éar|ngl%, p?r%%ggﬁfrges‘(ween 0.5and 12
mol%, ore preferably between 0.5 and 8 mol%, and further preferably between
1 and 8 mol% or between 2 and 8 mél%, and most preferably between 2 and 6
mol%.

As mentioned before, AloQ3 is added as the optional component to the
Si05-Ro0-TiOs system glass but it serves to improve the weather resistance

characteristic like SiOo and to harden the glass. Accordingly, AloO3 may be

added as an essential component to the glass. In this event, the glass

preferably comprises, by mol%,

Si0o 38-58 %
Na20 13-25%
KoO 2-15%,
TiOo 10-25%, and

AloO3 0.5-8%.



reduces |iquidus tenperature and facilitates to

manuf acture and formthe glass. In addition, ZnOis
effective to harden the glass and to prevent the
optical multilayer from being peeled off. Wen either
the alkaline earth netal oxides or the zinc oxide is
included, it is preferable thas the total anount of
the divalent conpoents is not |less than 2 nnl@bso as
to realize the above-nentioned effects and is no

gr eat er In Hnaheventension Q&’@S@mﬁ%'% 18 é‘”f‘ﬁ%e%‘é’éy frfefine the
AR PIRRTT 98 PR TGk o e P Bl P 27 b Pojrjoted to
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8hé%0@0|\/8wg}190 %T@% :10%  SrO 0-8% and BaO

re prefe e gl ass may conprise, by

mol % 1 aL3%difg Wfﬁ@é&on@ oo fthd a@ss Hesirdb includes, in

above-nenti oned S 2-R2O- Ti 2 system gl ass nmay i ncl ude

addfioridtheagfive-ermundrated So@Pdneats, atleast ord oxidiecteléaed from
desirably restricted to a range between 0 and 0.1

refoup commisting ofalkatinecsartweretalexidessanst dneexide.  Among

characteristic, the Si 02-R20- Ti02 )
et e priersbiaistdop Sasedne e MG ang Zethe: Stiph gikaline
AR O ik 2pr @t iprave cldryitlor a5 5iilee property
b

e 25530 obd ) e cindt TRESFIERISIRED Ayl cdmBonents
%%%Lf:ég !Ilﬁﬂtﬁulsﬁ%ﬁﬂgéra'iﬁi%' aied fadiiaRstd @neﬂﬂ@é’(ﬁh@ ahdestm the glass.

esistivity is excellently inproved
vmeéucﬁﬁ&h {0 iderfalivg do Merdérptiroglasspad ¢n beeviesit the eptical

than 0.2 nol % As long as this invention does not
depditdydrifam ibeingpegled eff. oxViers etiier theralkaline 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 fo degrade the weather resistance
characteristic. i
In order to realize the excellent devitrification resistance property and
to avoid the reduction of the weather resistance characteristic, the glass may

comprise, by moi%:

Zn0 0-10%,
MgO 0-13%,
CaO 0-10%,
SrO 0-8%, and
BaO 0-6%.

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



exanple, Li, lanthanide, No, Ta, W B, G, In, G, Sn
Pb, P, Sb, Bi, To, may be added to an anount of
several nol % Such addition of the oxides is hel pful
to adjust a refractive index of glass, a glass
transition point, and workability. As far as the
object of this invention is ddconplished, severa
percents of the oxide conponents can be replaced by

fluori [ : ﬁ% 9% Bt ol i

the gl g@g . E!%\%SI\?’IS?I?[O{I%& asbgﬁ?eéh- f!og%g out ggccolf\%?ﬁ:%é[?%e a
Féﬁﬁ%ﬁg‘ﬁgﬁﬁt% h a8SBS O TRRlFhodhtud vithich PAdesREly restricted to a
pretf erabl e glass co sition is specified by a

%@%ﬁthh@ﬁﬁncﬁb.@mo%?q K20, Ti @2, A1203, MO ZnO

or "by a conbi nation of the above-nentioned
conposilt iooterdo dmpo@@wadthed résistahee chapasetiston the SiQhdRo0-

-refining agent. The gl ass substrate according to the

TiQxsmayiaciute at keash aneiol ppisiestseledted frany p«HPER Cconsistag of
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Ol Sty 0% e 95 HRtp TR EE 48 (R { i8R 0 and
LTHPRs sofRORS' BRcer ibeat f8lmy R BREH badfGieft i noy smaller
HRARGE prudehmfieBiEhbl THEER kAR IS Bl irbfted

WRERLACA DS Yhe BPbVEMertiohedddnfibnar@sid by tHarr012stnbes s
caused to occur between the glass substrate and the

fi Xi ngAs tmEnpas thishventivardoasino depattdrome itstpurpo$s, oxides of, for
small. As regards a plastic material, a simlar |
exprapleabe larghanidei Ned Tae\bads &a. iy, Gel 8ot Phg Pt BB, Bodieesnay be

ﬂ%@%“ gglc %’é{g%@{t :ogggegr%é awog‘g. d%@g,ﬁﬂﬁq@hgy ﬁ'lee 8)%89? ?s helpful to
B YRR Bl U X B e Gy bt daft. s o
SBI4 Ll S HESRUOD POk ghed sl dfochl of o i

' ' & b¢ AlioklE dad of edodiie tchenponents
%@gg?ggh&%%a&@i;@aem al gssoand vvhigtt:h is fi xeéd top a

inckided inemdglagsor ned by carbon steel, stainless steel
(type 410), polyethylene, polystyrene, and pol ynet hyl
met hacriybweer, #idhasdradnoiosdd b wecording to the inventors'
experimental studies that most preferable glass composition is specified by a
composition of SiO2, Nap0, KoO, TiOs, AloO3, MgO, ZnO or by a combination
of the above-mentioned composition and SboO3 added to the composition as
the refining agent. |

The glass substrate according to the first and the second viewpoints
has a greater thermal expansion coefficient than that of a typical glass generally

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



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
wi de variety of working environnent. Next, description
will be made about the optical3filter of this
invention. The optical filter of this invention is

AR ] / .t il o .
SR TR o BRI AT RS dtoror
TouIgR from sfrédd SAud@dBrdceas béﬁ@é}‘hﬁ\éﬁgiﬁ@é&@é}%ﬁ anGSﬁe fixing

substrate and an optical nmultilayer formed on t

ghapbesdts td ehhatinn Bueapesaturl i shealosi As negeadd a plastic material,
stacking high refractive index dielectric filmor

fal similanadvantage é$ ohzinadbécmlsr, byiseleeting itive fliegracont

~films. The optical mulitlayer has a band pass function

pedumenizaionrand adrideg aganéryssr edtbe anrieaha eralagal. guch as
SRR e cheinarath b obr SRS A e Sl e st
e
e 1onrer T Sy ety SEGctFed By g cpfiingt which

Rakhnmaytidae elisieght fArmee betad SO s D TAD o fsystarhgldesgind which
refractive index dielectric filmmy be Ta205, T 02

whiiked o afigfirer mbhheamdrendchby tarbonhstetlpstalitiess efach{type &10),
index dielectric filmmy be SiQ2. The tenperature
gholyfethydéne heolgeiytane, wad globyngethyl methacrypta, @slmentienad above.
can be reduced by appropriately adjustin

ITingeantioahaprataliex [f-amalbin oRtisel diskarian agl ttﬂ{gﬁ%ﬁ ariation
o Syt prelcatiE SRy p ol Addiin dhe S s istance is
Subishiite BRRERP R USGEbie 1 dada Ve ot eRAtnctt:

linear Nagt scAYBSH MiIPBe fRRIS Ad R Ahe WhtiGalTilRr RIS Invention.
bet ween 100 x 10-7 and.130 x 10-7/K, although it

depends Thp@ptichEfiltdrat &6t aivedtivass abed ey d4ri bplidad be
deposited and the depositing conditions. Therefore,
nheltipipkegdemltipiererempabsus foedavelengtd milliplexing/demultiptexing.
tenperature range. In addition, the glass substrate .
decontisal filter egraptisesmihe;gboveanpationad giass substrate and an optical

characteristic and is theyefore advantageou s
mlﬁtilayer ormed on H’ne glass suBstrate%y SUCCGSSI%ER/ dc'eposmng 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 structure arid a refractive index.

As a material for the high refractive index dielectric film, use is made of
TiOo, Tas0s, HfO2, ZrOo, CeOa, AloO3, Y203, ZnS, MgO, Lap0g, CdS, Si, or
the like. As a material for the low refractive index dielectric film, SiO2, MgFp,
ThF4 may be used. A preferable material for the high refractive index

dielectric film may be TapQs, TiO2 while a preferable material for the low



in that no problemtakes place in connection with a
surface degradation which mght occur during a

pol i shing process and the like. As a result, the
optical filter is available under various working
environnents. Herein, it is assuned that wavel ength
mul ti pl exi ng/ denul ti pl exi ng i carried out within a
wavel ength band of 1.5 a mand that an interval

:*éﬁta\eﬁ@@;ncv@a@b@emdﬂrumﬁagwsa@ Jerul ti pl exed becones
equal to 100 correspondi to the wavel ength

i nter Vafh@fen%&amre drift Gtdeé béﬁl%r wavelehgith §PthedGstie®liter can

that the optical filter has a high transmttance band
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tenperature dri exceeds 2.5 pm (0.0025nm /K and a

tcanficieat of 2 sulsstc&tarrgatﬂnak/mech theptenparature atifleofdhe teoter

--degrees (for: exanple, -30 to +700x), a signal optical
wavelragi withis thaipass dandean hEh%UimF@ﬁSQd wﬂgm @f%ﬂg,eebetween -
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signal optical wavel ength probably falls within an 17

wsHd avnsa nddd taregératureirangé.helntadyitoatibe glabs ubstrate material
exceeds O0.5pmand a tenperature variation of about
isGxceli¢midn veoathel esistaace charaotedptic andds twretase agvanageous
in the optical filter. As a result nconveni enc
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ore, It 0SSi e signal ~
- opti calmanh § Qte[bsﬁfr% et ﬂrﬁvbl@ﬁ@ﬁ?ﬁhLﬂﬂ!ﬂ@klﬂ@/d@f'ndllf‘;ﬂexmg is
hi gh transm ttance band hin a usual

ERPREGA Withily arwakdlength m@e cﬁﬁds ]wm agddhat &isintarval gatween
reliability. Since the glass substrate used in the
wapvéleapth componaials deninbplexed 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 range of 100
degrees (for example, -30 to +707C), a signal optical wavelength is shifted from
the high transmittance band width to an untransparent region and can not be
demuitiplexed. Thus, inconvenience takes place in the optical filter.

In addition, let the interval of the wavelength components muitiplexed
and demultiplexed be equal to 50 GHz (corresponding to the wavelength

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

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



har dness not smaller than 455GPa, it is possible to
prevent the optical mnultilayer from being peel ed off
fromthe glass substrate due to a difference of |inear
thermal expansion coefficients between the optical
mul til ayer and the glass substrate, even when the
tenperature variation exceedst100 C.  Accordi ng to
this invention, an optical demrultiplexer apparatus is

SR R AR SRRl e g oy o
gﬁgﬁe s iegg:fri'a%h df abb8f 140 QYR exahiptdl-306 L 76ME)a5 caused to

fiber and optical fibers having incident

806 ihahabibaballfilteht A@setengtiicornemerntkesplacgiindhis case
t hrough an optical nultilayer of the optical filter.
Alspording to this invention, an optical multiplexer

-apparatus is obtained which conprises an optical - -
filter Asaueniipnad bafore e aptiealifiige pecerdiiatedhistipveiption has a
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QRGthGRkhih ih@ual kdhmp&@isiedirtibaRande bhe thaabemplish a high
mul ti pl exed wavel engths, a plurality of the 18

ppitdbsay. filters may be used which are different from
one anther in center wavel engths of the pass bands
and ea&inasf thehdlass suliitidte wab yn dae eplical flier has a Knoop
mul ti pl exi ng/ demul ti pl exi.ng operatjon. The q

el Rl S5 SARA | & BpribRIto AT Tp pptical
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S leg et foiraning peplRt L ar terinds plsERe b tiffprence of
RS ey iR bl BN EboteRh e kb aNEMayer and the
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schematiceoting tanis rvehtignaan optical alenfultiplexercapuardiusgis
to this invention in a wrking state. Fig. 2 is a
sbeinad which agmarisesheniapgicalfittespan opticalfiber guigding a wavelength
(r)lfl)ltﬂ![ig%t(ed light beam onto the optical filter through a light exit end of the
optical fiber and optical fibers having incident ends fo .which light wavelength
components are given through an optical muttilayer of the optical filter.
According to this invention, an optical multiplexer apparatus is obtained
which comprises an optical filter having an optical muitilayer, a plurality of
optical fibers located to the optical filter to conduct wavelength components
transmitted or reflected by the optical multilayer, and an optical fiber positioned
to conduct the transmitted and the reflected wavelength components and to
guide a multiplexed light beam through an incident end of the optical fiber. In

consideration of the number of multiplexed wavelengths, a plurality of the



mul ti pl exer/demul ti pl exer of this invention. Fig. 3 is
a view show ng neasurenent of distortion in a glass.
Fig. 4 is a graphical representation for use in
describing a relationship between a tenperature and a
tenperature drift at a center wavel ength of an

optical filter illustrated inl&a twenty-fourth

enbodi ment; Fig. 5 is a diagrammtic view for use in
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Fig. 2 is a 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
optical filter illustrated in a twenty-fourth embodiment;

Fig. 5 is a diagrammatic view for use in describing a structure of the
optical filter according to the twenty~fourth embodiment; and
Fig. 6 is a graphical representation for use in describing a relationship
between a temperature drift at the center wavelength of the above-mentioned
optical filter and an average linear thermal expansion coefficient, wherein use is
made about glass substrates according to first through twenty-second examples
{will be described as Examples 1 through 22).
Description fer iments:
Now, this invention will be described more in detail in conjunction with

examples.
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Table 1 shows a conposition and an average |i near

tdwuined Eexpplesi A2 toatdids & iglass substrate fosmpéilid dirter aCCOdeng to
~range between -30 and +70 C in connection with -eac

dhisiraeplies 17122 conient pheach geapenenbistthatedie it f%Pf%Wl"ted In
filter according to this invent The cont

dBeecotpsiggar ringb expasion §opﬁ|§}e§g Is\epgesen %ed in a unit of

10-7/K. R'O represents a total amount or content of a divalent component.
- The glass of this invention was prepared in the foliowing manner. As

a material of each component, use was made of oxide, carbonate, nitrate, or the
like corresponding to the component. To obtain the composition given in Table
1, the materials were weighed and sufficiently mixed to prepare a glass raw
material. The raw material was supplied info a platinum crucible, melied 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. Specifically, the materiais weighed and
sufficiently mixed were supplied into the platinum crucible and melted for two
hours in the electric furnace preliminarily held at 1350 C in accordance with
the above-mentioned sieps.

in each Example; the batch can easily be melted 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 1mm 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 linear thermal expansion
coefficient exceeding 100 x 10-7/K.  Herein, it is to be noted that the average

linear thermal expansion coefficient was measured by a laser interferometry



nol % The linear thermal expansion coefficient is
represented in a unit of 10-7/K R Orepresents a
total amount or content of a dival ent conponent. 6 _
The glass of this invention was prepared in the
following manner. As a material of each conponent,
use was nmade of oxide, carbonafle, nitrate, or the

i ke corresponding to the conmponent. To obtain the
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been confirned that the chem cal
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 result 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 multilayer. 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% PoOs - 20% AlFg - 24% CaFy - 20% StF2 - 16% BaO |



durability was excellent. More specifically, provision
was made about a gl ass substrate speci nen whi ch-was
pol i shed and which had a thickness of 1 nm On the

gl ass substrate specinmen is coated a dielectric
multilayer which is forned by alternately depositing
Ta206 and SiO2 films. Such aZ%fethod of depositing the
dielectric nultilayer may be a nethod that is usually
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[ Ref erence Exarrpl e! tion was made about
£ uoropﬁ%‘@ﬁﬁ‘ﬁ’teé'l 3l had a conposition.of 20%
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%@ﬁﬁ@ésafﬂérréof’"asr h%@é@ﬁ& médgléé’éﬁlobk iwag dlemped by a fixing jig
fTuor ophosphate gl ass and the alkali silicate glass,

sReWAdh iFig!3,. Thefisnglijiggead madarof SAEB4H) (tbﬁ@aalﬁmnsmn
coefficients were 125 x 10-7/K and 112 x 10-7/K in the
tbaficph bepriat #) gH@s&). 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 x 2 x 2.5 cm while each of the
components 2A, B has asize of 1 x 1 x 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 for Strain of Optical Glass" that no internal strain

‘occurred at the room temperature (23 C). Thereafter, the glass and the fixing
jig were cooled down to -25 C. The strain was then caused in the glass and
was similarly evaluated. As a result, the strain of 1nm was obtained.  Thus; it

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



~and the alkali silicate glass, respectively. Each

gl ass was pul veri zed, put into a platinum basket,
imrersed into pure water in a flask. After treatnent
in a boiling water bath for one hour, reduction in
wei ght was neasured. Asa result, the reduction in

wei ght was 0.25% and 5% in ti28 fornmer and the latter,
respectively Thus, it has been confirnmed that the

chenj cal bility was different as co red. wi
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Eﬁﬁggﬁﬁ%ﬁééﬁéwgggihéﬁgg into a dinension of 1 x 1 x 1
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surfaces t reggl ?ﬁ ter the gl ass bl ock was

cl anped mbomé‘uc&t@cpmm IR EK7 (BidH,BoG3, NhsOf axdMpO being

~ji1g was made of SUS410 (thermal expansion coefficient

bed n@l%10 Mol TiKinolLpand Banbigs: ksBeathtklgonps shaped into a size
2A, B were fi xed by the use of bolts inserted into

tdfrioxdix haimesnd sublestar! toheolighirgson Bacloppobite Iserfaces thereof.
conponents 1A B has a size of 1 x 2 x 2.5 cm whil

cHgreattes, i the mepsae pinylap 1o Example 23sthecglgss wag qampfd by the
m Al h f the i

m“%ﬂigﬁpﬁfgﬁn%ﬁ BB surde 7Y dlaierarl Hebid gipregien
VTG o 307 T P nGEh S A A IRy i glass and

_Srthbaﬁxﬂ}q P@Wérr% %QOH%H thte é‘ﬂ%ﬁﬁe : WBRRALAEISed F31He glass and was

erea ass an IXing Ji1g were cool ed

diptilaflp evafuated. Th«es atregiln thastralesr 8 ause@dsiobtainedg! I8ss, it has
and was simlarly eval uated. Asa result, the strain

dfech confivesedoihabiireldrgd binsin was incasetete todhéivariation in
that the strain induced by the variation in
tlemparatuiee and 23 resulting fromthe difference in

t her mal %xpan Sg] coefficient between the glass and
the fixil 56511@6 very small. [Conparative Exanple 1]

A o0 8 S e e B gt v
MRSROTDISHids YRSws FPse NGO 85 % f%andpass filter of a Fabry-Perot
type was formed by the use of TapOs and SiO2 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 SiO» as a starting

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



of 1 x 1 x 1 cmand subjected to polishing on two
opposite surfaces thereof. Thereafter, in the manner
simlar to Exanple 23, the gl ass was cl anped by the
fixing fig shown in Fig. 3 to be fixed. The gl ass had
a thermal expansion coefficient of 75 x 10-7/K 1In
the manner sinmilar to Exanpl €92, the glass and the
fixing jig were cooled. The strain was then caused in
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—~the use of Ta206 and Si 2 as a high refractive index
obtainéchl B, # wasconsirmect thebthenermatbstabiliy was very excellent.

respectively. The filmstructure iven g/
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epositing, fromthe glass substrate side, seven
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total) alternately deposited, two Hfilnms on the

shxertaistibs tahcemedvdtit aorcddeaiidigef beamsianghe caictiated from the
on the two Hfilns, seven conbinations of alternate H
eefiaativeiindexesoand the t@iqifgaésezs of the reapectiyediimglia the filmm
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asur ement  was e tenperature dependency

o /a)6r &8 !Ht&% ral WRNEH 6 REtH: Bheib@roBt m@alva\ﬁetémgh @ /4. The

tenperature between -20 and +40 C. For the

high rejratcliee iratgxovatariah msly Exdopexample, I@z,vﬁaﬁﬁ dTlfOzr ZrOo,
+0. 0002nm K was _obtained, Thus, it was C?ﬂ F'mf ]a
(2 oo, Vel A MasLazbg, CeSerna s whle the fow refiactive

index material may be, for example, SiO», MgFa, and Thig.

Such an optical multilayer 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 wavé{ength range. Asa

result, the optical filter which has the above-mentioned optical muttilayer is
appropriately available as the WDM optical fifter.

[Example 25] |

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

mm and a thickness of 12mm and which had a composition of 46.5mol% SiO2,



The gl asses of the other conpositions were simlarly
eval uated. As shown in the last colum in [Table 1],
t he val ues between -0.0008 nni K and +0.0020 nm K were
obtai ned. Thus, it was confirned that the thernal
stability was very excellent. Herein, it is noted
that the transmttance and tixs refl ection
characteristics concerned with an incident |ight beam
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iAnsvaNpswekeaiBh t@dSmittrteShands (herrtes tﬂle)mteezfai hetwaen the
i ndex material may be, for exanple, SiQ2 and
qériter freqeencies opthecaansmitienca pendslowas leﬂu&bf@ %Q]GHZ or 0.4nm.
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g A AR o
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bvead afcepsidatebythickness
RSP b Al o Pl Y By e S e

bf ﬂYﬂ:rﬁH@@xP@@e radar ahdute sulgjeetsl towpticabpalishiigch Gadharear
di anet er 50 mm and a thickness of 12mm and whi ch

badace expqxeEsi h)y the optictd pbhshieg Siroanti- geg‘lquogma@mAmgpplied.
19. 6ol YNa20, 7. Onol %20, 16. 6nol %4102, 5.2m ANgO
Aherenferohoiass Sulstite procassed inthe mvepm%'ﬁe hanner was
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wavelength of the transmittance 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. ltis noted that the above-mentioned temperature range is very
“important for estimating filter characteristics. As shown in Fig. 4, a negative
temperature drift has been observed at a temperature not higher than 25°C
while a positive temperature drift has been observed at a temperature higher
than 25°C, namely, not lower than 30°C. However, it has been found out that
such temperature drifts are extremely small, as readily understood from Fig. 4.

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



i nterval between high transm ttance bands (nanely, the
i nterval between the center frequencies of the -
transm ttance bands) was equal to 50 GHz, or 0.4nm
Specifically, the optical nmultilayer was deposited to
a total thickness between 30 a mand 40 am and was
‘formed by alternate stacks of 2¥a205 and SiO2 films

whi ch exceeded 100 filnms in nunber. After deposition

ot ical. . il t
St RSP AT L e oA M AR e

¢ : :
TP Rhe R ipRiod s 2206 fu R BRbRitul P adBLL Al 2
REbeMtNEL ratfedtHanged ffah th® Re§Mld teehpkratRre RIrifted.the positive
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aboperatard ddfhied Ifenatsowsasientioted tdmperablingrialdetgrnuihed as a
-pieces each of which had a typical size of 1.4mmx - -
maimavailabletempesatbirg frabnt lesiperaitdge)vaincxitgenely shablabl e
as optical filters. Each of the optical filters was
dempaeatate eyacteristip epabgrestablishediwithing ysual warkipg
wavel en tPFOf the transm ttance. band ich may be
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above- nenti oned tenperature range I's very “inportant
faomowre tof R0 agdfTiOpdncloded actherglass ssbstrteshown i n

Fig. 4, a negative tenperature drift has been

obser vdtheaemperampe ddft shewmanh Hig.ghisrmehaure2l5G a edrinperadively
positive tenperature drift has been observed at a .
aRiony iemperakirgiegiontasiacerd & thawaany ferAperateifer Hewaver, it has

M R
T N T T —
iﬁnl%]gﬁfere%téﬁrge?@ut méfrﬁadr%r‘é%ﬁarstﬂ?)%ahﬁgfglbgi‘é ge glass of the

ustrate enperature range an

lopfibalrfiicd hadHr AVertBY libear AENTAEEXSENSIGT BodfficRnt of 112.5 x
tenperature adjacent to a tenperature range changed

flI00K Withimibgaemperaens earmdabetvareinf-B0F0 aritb+ PAG.ti ve
tenperature drift. If the above-nentioned tenperature
i s det Eaieiieg tadig. 5themopiical filiesifer WEH das ug@serybsirate and

%%'IBS}E 8; ﬁ‘ége(?)’s ahd §|)82r f?lrr{% g!tesr}wg%lyedeposited on the glass substrate.
In the illustrated example, the TapOs film is in contact with the glass substrate,
as mentioned before, and the TasOg films and the SiO2 films are partially
omitted from this figure.

Referring to Fig. 6, an average linear thermal expansion coefficient and
a temperature drift at the transmission center wavelength are taken along the
abscissa and the ordinate, respectively. Herein, the optical filter is structured
by the use of each glass substrate enumerated as Examples 1 to 22 and a .
relationship between the average linear thermal expansion coefficient and the

temperature drift is illustrated about each optical filter.



tenperature characteristic can be established within a
usual working environnent (not so high tenperature
environnent). As mentioned before, it is to be noted
that the tenperature drift can be rendered into
substantial zero at the room _tenperature by adjusting
each anmpunt of R20 and T102 4’cluded in the gl ass
substrate. The tenperature drift shown in Fig. 4 is

_ neasu;ﬁgjnblga%ﬁ%)%w%\ggl y narrow tenperature region

adj ac e roo erature. However, it has

been Ciﬂ%égﬁ%rgrbéiﬁumcﬁyﬁrﬁﬂ% 4L AP fiter iWaswrepared by

equal to - K within the tenperature region

PRINRES a BBfosiithte 6pfical Wisess BIKE aesd sutstiate gldsss been
carried out in a manner simlar to Exanple 24. The

gl ass lafthemanogt simélhr fo Examples2t, aneasureagat Wasgaade of the
~thermal expansion coefficient of 112.5 x 10-7/K =
wmperaturbalapengenay of terpaaionaalapalh. - fsc seruit Hgovalue of

40855 nenlisypgeblaingd. atgtedkusconined e tee A sLbIy
alternately deposited, on. the,.qgl trate. 1In the
VAP @prﬁé%)@éﬁalvgﬁ"m 'It%?@’ﬁq%ﬁ]wgﬁi n contact with

t he gl ate, as nentioned before, and the
TaZ%‘@m&g?gjthe SIS filnms are partially omtted
fromt N%eﬁtéfdegﬁﬁﬁﬁoml%é et hdTit@n dmbadinatriaagerding to the

i near rmal ‘expansion coefficient and a

PR sticl fitahr difthisahvéditiort r aigni shows acsaheenatic diagram for use
wavel ength are taken along the abscissa and the

ior dsaibing ar specitioredfyoptidal miuttiplexieg/demultiplexingtcarrigd out by
structured by the use of each glass substrate
epiical ratigplexsr/deaiindexer. to 22 and a relationship
bet ween_t he avera i near . thernmal nsi.o
coef fi cPBrihe Giges sibstateybich 'ﬁr@"ﬁ???’? %I%ésl lagted f1os
bout  ea tical filt : . i l
ERaMIRSTainer & ibieblic Bl i35 RaE S AT 8R! Foilon

p ' ghgtheanel ORtd, eald A 3,
\éiﬁ%rgg(ﬁggﬁgg Cﬁ*gﬁﬁ‘{ﬁ?ﬁngﬁg&@‘fﬁ the manner simlar
s JettivBlyeard ref@ABg Rn@Nvaveiengide Slgrididight composed of the

tenperature dependency of the peak wavel ength. As a
neseldngtivdhel val big, ahd A 3 is supplied to these filters. Then, the signal
flight is split or demultiplexed into the wavelengths A1, A2,and A3 after
passing through the filters. Thus, the above-mentioned structure serves as a
device for splitting or demultiplexing muitiple 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 multiplexing or combining the
wavelengths A1, A2, and A 3 together.
Next, Fig. 2 shows a schematic diagram for use in describing an
optical multiplexer/demuitiplexer (combiner/splitter) for demultiplexing or |

splitting each wavelength component from a s_ignal light beam inciuding four

wavelength components.



0. 0055 nm K was obtained. It was thus confirnmed that
the thermal stability was poor as conpared with the
filter of this invention. [Exanple 26] Next,
description wll be made about an enbodi ment according
to the WDMoptical filter of this invention. Fig. 1
shows a schematic diagramfor2ése in describing an
operation of opti cal multiplexing/demultiplexing
carried out optical nultiplexe | exer
the gl ad$ 'ﬂUﬁé@t?ﬁt‘%t% 'gd-ﬁe: %”PBF'%CA Wﬁ E§§§ lgt[eggs
l1to
.%btawgﬁmnﬁr&pﬁsngpgagééﬂ 6, B8, G AR bl %&éﬁék’é’f of glass
| .
A FRe e o é?@?*é%%ﬁﬂ@? Sach sucaief ge base
lfngmbe‘f' riht ﬁapﬁ si gﬁﬂgﬁ elgth bdhd®, T@edeAilldrs have
s suppll to these f| en, the signal - |ight
't$a:$§?his%|oww§|@éwrhgthﬁl MedA PNt 3t hed Wavie repgictiselp 1Signal light
2, and A 3 after ~passing through the filters. Thus,
t fpeaveharyphsent 1,006 At3; ut Bleaited from aglrmlemda:&berdﬁl\/ll:) 9is
splitting or demultiplexing multiple wavel ength Ilrg
i calimateti by duens 8wadds énnidery to the pﬁ@cai @muifd gy prplitter
direction is reversed to that _illustrate
fa@aﬁ@tua%lﬂysmf@@uﬂéh%gw@s J@eawa\é@?%g‘f &t b s transmitted
‘ ti Xin [ nin t
g%@o%ﬁ@ﬁ} %;gq fﬁer 1CO I@S}éaﬁ%ﬁﬁqg aﬂﬁ%@gﬁ OK &nd is
r e ' fength A 3 light,
e sl R A s RpleeRhn PPENGR, te wayelenath 23 i
dsna' kid Wa@éreﬂgtrp A 4%@!1! Al ;@ﬁe@t@@fbwm\éakﬁmt ﬂtercsmmmbmncudent
froma signal eam i ncl uding four wavel ength
CRNMpReNSitical flii’@r 58\33 ilustratacainettieifigutdie A therapticahfilter 58, the
optical denultiplexer or splitter is obtained by
pwepalength obeilight isfsplit er detshiplosd tede %’D)ﬁqdoftfﬂ@oa ghanne! B in
the use of glass selected from Exanpl es
bihef inginnigr émwré@thaﬁnenthne@rahqyea ?re‘hﬁ %2"6?9% and the
transparent for nd. These
f 44 bk @fs\@mt&eﬂ% rantBanasisdoat B GeRRsERE A", TAS!
and k4, A1l
k2, A 3 ﬁfééh@‘?‘t'}éa"’ﬁ r o%tré’h%g SIO e%?ggﬁl&(ﬁSNF) 9
: ﬁ'lultiplexer/demulhplexer apparatus have a smgle mode fiber (SMF) 9 arranged

on a transmission side and single mode fibers (SMFs) 10A-D arranged on a
reception side. Under the circumstances, the apparatus serves as an optical
demuitiplexing apparatus for demultipléxing a single light beam into a plurality of
the wavelengths.  If the light traveling direction is reversed fo that illustrated in
the figure, the apparatus serves -as an optical multiplexing apparatus for
multiplexing a plurality of light beams into a single light beam having multiple
wavelengths. At any raté, it is possible to attain the optical
multiplexer/demultiplexer apparatus which has a temperature drift between -
0.0025nm/K and +0.0025nm/K and which has therefore a high reliability.
Particularly, the illustrated optical multiplexer/demultiplexer-apparatus has a

high reliability in wavelength multiplexing:c_o_mrnunication in which wavelength



collimated by a lens 8 and is incident to the optica
denmul ti pl exer or splitter apparatus as illustrated in
the figure. The wavelength k 1 light is transmtted

t hrough the optical filter 5A, coupled by a lens 7A to
an SMF 1 OA, and is emtted froma channel A The
wavel ength A2 |[ight, the wavepgngth A 3 light, and
the wavel ength A 4 light are reflected by the optica
filter 5Ato be incident to the optical filter 5B as
componeatsare very e e tgu:n*@ angthehwito st highldensity.er 513,
the wavelength k 2 lig is split or denultlplexed

be emi ﬁCQQFC*"F@)Fﬁ tig H'é{ﬁﬁB‘Pn Eihﬁﬁa a&ﬂ@btﬁmﬁﬁ’éﬂﬂeﬁ ﬁ‘ﬁq %‘bﬁt@te which
5 AR GR35t T AU S PR, an
| @%B%gé%%v%@grﬂmﬁ%f’ﬁ'eﬁrr@Epﬁﬁﬁ%ﬁfﬁéff@%a& R
i ko e L QU ST

AHHARACEhRB oRe alRCSHAINY thbdgDMBEEE!ier and the Of)tlcal
ci rcumst ances, the apparatus serves as an optica

danmblék@d/@e(mumpm)@aappamm@ whikdnig! iarplseafcagn dhe tetgberature drift
light beaminto a plurality of the wavelengths. |If

ahthe teier wexelsingtywithindbeipassi andeand wiich liag akigh reliability
illustrated in the figure, the apparatus serves aietne

apeinshe tﬁmnar@wés(vwgatmar aﬁtur@errapre ﬁh'ﬁtn%ﬁ%' Ry

DR B 5 T e B g 8 8 Bttt by
t ai . [
AR Erhs e o BeitE oBi¥sl ihpanents jpstuded in gizes used as the
gﬁggaﬁ &Hkﬁ drlft bet ween - 0.0025nm K and +0. 0025nm K
n Ich has therefore a high reliability.
Particularly, the illustrated optica
mul ti pl exer/demul ti pl exer apparatus has a high
reliabtlity in wavel ength multipl exi ng. conmuni cation
i n which wavel ength 29 conponents are very close to
one another with a high density. According to this
invention, there are obtained the glass substrate
which has a sufficient hardness, an excellent weather
resi stance characteristic, and the desired average
i near thermal expansion coefficient, and which is
appropriate for the wavel ength division multiplexing
(WDM optical filter. In addition, there are al so
obtai ned the WDM optical filter and the optica



mul ti pl exer/denul tipl exer apparatus which is very
scarce in the tenperature drift at the center
wavel ength within the pass band and whi ch has a high
reliability against a tenperature variation.
Furthernore, it is possible §49 nmake the tenperature
drift mnimumin the tenperature range used as the
optical filter, by adjusting amounts of specific
~glass conponents included in glass used as the glass
material. 30 WHAT IS CLAIMED IS: 1. A glass substrate
WHATUSCLAIMERMN® optical filter which has an optical

mul til ayer coated on a_surface of the glass substrate;

sai d gl-asd dagsssynatetd ripe ipradPypnycakiitainyhigh has an
ipclud Si O2 whi h i th I
OBl e BiavesEeRPtiahs shRers on Ru@ass 38694, ang 130 x

106 o4 i AEREBBI 68095 BRI 2 S0, anc
vJHiét# Rés Eﬁ'faQ/BF]Aétj%slir?ébr tﬁ@ﬁﬁﬁ%xp%kfoh'rﬁé [cisAcBile8A 180 x 107/K
surface of t gl ass substrate, the glass substrate

aR8i139 » 96-Terl mh%ﬁizrgbatéﬁ.p\ét’éterb I"e[i'lﬁiel&%ﬁleeﬁ%ﬁs"@e ahbal7o .

conmponents, SI 02, RO (R alkall netal elenent), and

Ti @2, 2heAgissndubstrate fgraseninsa WDMeptioal fitexlwrdéch hialsam

60 nol % in total. 3. A glass substrate for use in a

opiinal sptltieyer coatedronaisbabasf te gipss substratel the giges substrate
coated o

b HG4Bad biaas WhihiBagss oSt TRLFOTRENGHS. STag- R0
(73R8} bR g T8 s Reh e, bl B ot smater
B RRIESInRGidY greater than each anmount of the

remai ning conponents other than the essenti al _
conpogenigasHsutSi@a fsr Remid W@M&ﬁnti’ébfiﬁlﬂ%@vhigh gxgéldﬁ dptical
5 Si

or 3, wherein the glass conprises, by no
miffilaygertoatdd OR a’stifads of hdAasdsidtfate,ahd glass substrate being

formed by glaés which includes, as essential components, SiOa, R20 (R: alkali
metal element), and TiOo, each amount of the essential components being
greater than each amount of the remaining components other than the essential
‘components.

4. A glass substrate as claimed in claim 2 or 3, wherein the glass

-comprises, by mol%,

Si0s 38-58 %,
TiOo | 7-30 %,
AlO3 0-12 %, and
" total amount of RoO 15-40%.

5. A glass substrate as claimed in claim 4, wherein the glass
comprises, by mol%, as R20,
Nago 10-25%, and
KoO 4-15%.



total amount of R20 15-40% 5. A glass substrate as
clainmed in claim4, wherein the glass conprises, by
nol % as R20, Na20 10-25% and K20 4-15% 31 6. A
gl ass substrate as clained in claim2 or 3, wherein
the glass conprises, by nmol% SiO2 38-55 % Na20
13-25 % K20 2-15% Ti 2 10-23% A12(8 0.5-8 %-7. A
gl ass substrate as cI aimed in any one of clainms 2 to

0 ek el R e Al ange Ll ides b0, aNGnaRae S gbs

al kal.i ne earBE/ nmet aI oxi des and zinc oxide. 8. A glass
%%9?’?%& é’ya{g Paimed in claim?7, wherein the glass

i ncludes, by nol% a t@i@b anmount gB-4% € bet ween 2
and 15% 9. A glass substrate as clainmed in claimS8,
wherein the glass inclutes0 as R O13g0%-13% Cao

+0-10%  SrO 0-8% BaO 0-6% -and ZnO 0-10% 10. A

gl ass substrate as claif@Din any on&18f%clains 7 to
9, wherein the glass includes, by nol 0/E%OI\/QO 1-13%
Zn0 0.5-10% and  TiO2 10-25%

AloOg 0.5-8%
~7. A glass substrate as claimed in any one of claims 2 to 8, wherein
the glass includes at least one species of oxides R'O selected from a group
'consisting of alkaline earth metal oxides and zinc oxide.
8. A glass substrate as claimed in claim 7, wherein the glass includes,
by mol%, a total amount of R'O between 2 and 15%. |

9. A glass substrate as claimed in claim 8, wherein the glass includes,

as RO, .
MgO 0-13%,
CaO 0-10%,
SrO 0-8%,
BaO 0-6%, and
Zn0Q 0-10%.

10. A glass substrate as claimed in any one of claims 7 to 9, wherein

the glass includes, by mol%,

MgQ 1-13%
Zn0O 0.5-10%, and
Sbo04g 0-1%.

11. A glass substrate as claimed in any one of claims 2 to 10, wherein

the glass includes, by mol%,
| 7105 0-2%,
HfOo 0-2%,



Sb203 0-1% 11. A glass substrate as clained in any
~one of clainms 2 to 10, wherein the glass includes, by
nmol % ZrO2 0-2% Hf 02 0-2% 32 La203 0-2% and Y203
0-2% 12. A glass substrate as clainmed in clains 2 to
11, wherein the average linear thermal expansion
coefficient falls wthin a ragge between 100 x 10-7/K
and 130 x 10-7/K. in a tenperature range between -30 C
and +70 C. 13. A glass substrate as clained in claim
12, wherein the average LRpRsar therRed% efiphnsi on
coefficient falls wthin range betyeen 105 x 10-7/K
and 120 x 10-7/K. in a't ﬁﬁ%&ature r ﬁb@'betmeen -30 C

T A AR eV
P E@?%??f%f %‘P@?‘?E’Qﬁ{ﬁeﬁa‘f@?@%\ég Withfila kftia¢'BEicbn 100 x
CRETK 2P0 £.18,96G 8 B &l B e BelleATYa®"E fd 470 T,
gl ass sSstA glds slbstrAe &PERAed I HhRR 125 whleréiREe Blerage

claim 15, wherein a tenperature drift at a center

waeal trgiral ekpangias sobifinidnt flllsswithin i rangertetgeeh d0Beet0 /K
-0.0025nm K and +0.0025nm K. 17. An opti cal

ranidt 130 rX6r{ e inhttemperaureaapge dtatweenndd i €i agd +0hE.
optical filter claimed in claim5 or 16. 18. A nethod i
of mandiacthiBlass sgbstatess eaimed isary gae £f glaims 1 to 13, wherein

SHRReas herdhess § Borsaety raBASMPag an optical
TS A T AL SRAIERES SRS R e
TappetAd8; cohprigpghod |

a glass substrate claimed in any one‘of claims 1 through 14 and an
optical multilayer on the glass substrate. |

16. An optical filter as claimed in claim 15, wherein a temperature
drift at a cenfer wavelength of a pass band falls within a range between
-0.0025nm/K and +0.0025nm/K.

17. An optical multiplexer/demultiplexer apparatus comprising:

the optical filter claimed in claim 15 or 16.

18. A method of manufacturing glass which is used as a glass
stUmeofammNaemﬁthSbnnwmpmﬂngﬂNDM)mﬁmmfmmﬁmﬂmdby
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 alkali metal oxides and TiOo operable as glass
components so that an average linear thermal expansion coefficient falls within
a coefficient range between 100 x 107 and 130 x 107/K within a temperature

range from -30 C to +70C.



conprising the steps of: adjusting anounts of al kal i
nmetal oxides and Ti Q2 operable as glass conponents so
that an average linear thermal expansion coefficient
falls within a coefficient range between 100 x 10"7
and 130 x 10'/Kwithin a tenperature range from-30 C
to +700C. 33 19. A nethod a¥3clainmed in claim 18,
wherein the anbunts of R20 and Ti Q2 are adjusted with
ref er quce A meoddaclaihbe i SERATMB! Whardid M8e affounieof RO
optical filter so that a tenperature drift becones
amdnTi@ynaratadjusted twith refereate twah avhilable aesmpbeidreofangbef the
optical multilayer within the above- nentioned
optopidiliEr soahaba gemperature drift becomes minimum at a center

wavelength of a pass band of the optical multilayer within the above-

mentioned temperature range.



