30 MARCH 2006 Qur Ref.: AB-512 (F2002-112) - 1 OPTICAL AMPLI FYI NG GLASS AND
OPTI CAL WAVEGUI DE The present invention relates to an optical 30 YHREHZ00G
glass which is suitable for anplification of a light with a wavel ength of
from1,530 to 1,630 nm 5 As an optical comunication system capabl e of
coping wth diversification of conmunication services, a wavel ength

di vision nul tiplexing comruni cation system (WDM has, for exanple, been
proposed to increase the transm ssion capacity by increasing the numnber of
10 wavel engt h division nultiplexing channelgg, IRare..0apdBYoUSFRG02-hhght in C
band (wavel ength: 1,530 to 1,560 nm or L band (wavel ength: 1,570 to 1,620
nm as a signal light, an optical fiber anplifier is essential which
anplifies such a signal light. As such 15 an anplifier, EDFA is being

devel oped. EDFA is an optical fiber anplifier wherein the core of the
optical fiber is an Er-doped glass. As such an optical fiber, an Er-doped
Si2 fiber wherein the core is S Q2 glass, or an Er-doped fluoride glass

fi ber wherein 20 the core is fluoride glass, may, for exanple, be 30 MARCH
2006 - 2 nentioned. However, EDFA enploying the Er-doped SiQ2 fiber has
had a problemthat the length of the optical fiber is typically at |east 20
m and it has to be wound into a

-1 -
OPTICAL AMPLIFYING GLASS AND OPTICAL WAVEGUIDE

The present invention relates to an optical
amplifying glass which is suitable for amplification of a
light with a wavelength of from 1,530 to 1,630 nm.

S As an optical communication system capable of coping
with diversification of communication services, a
wavelength division multiplexing communication system
{WDM) has, for example, been proposed to increase the
transmission capacity by increasing the number of

10 wavelength division multiplexing channels.

In e.g. WDM using a light in C band (wavelength:
1,530 to 1,560 nm) or L band (wavelength: 1,570 to 1,620
nm) as a signal light, an optical fiber amplifier is
essential which amplifies such a signal light. As such

15 an amplifier, EDFA is being developed.

EDFA is an optical fiber amplifier wherein the core
of the optical fiber is an Er-doped glass. As such an
optical fiber, aniEr—doped Si0, fiber wherein the core is
Si0; glass, or an Er-doped fluoride glass fiber wherein

20 the core is fluoride glass, may, for example, be



5 bobbin in order to accommodate it in an EDFA container having a size of
about 30 cm Wiereas, EDFA using an Er-doped fluoride glass fiber has had
a drawback that its glass transition point is typically at no3d MARSH 2006
whereby a thermal damage is o likely to result if the intensity of
excitation light for optical anplification increases. In order to solve

t hese probl ens, JP-A-2001-102661 discloses a resin-coated glass fiber
having a length of 6 cm whereby a gainiof at |least 9 dB can be obtai ned
with 15 respect to a signal light having a wavel ength of from 1.50 pmto
1.59 pm and "G5S ty of 0.001 mW Here, the length is 6 cm whereby it
i S unnecessary to w into a bobbin. Furth of the above

nd it nt r, the, core,

Fesin coated RS herEDTA SFPEPY HHonEi SHUCAPES 640ty pEb95 Brfss

herei nafter referred to as the .conventj.ona | ass) . . hayi Er doped in a

E)r oportion 6’!‘36886 pﬁaﬂq{l% %ts e nlq_‘?ﬁ)tlba?%s ?r‘égéc‘?# ggB%m’J?E\ oxi de
type matri x gl ass as represe db | d, Bi203: 42.8% 208: 28.5% Si O2:
1%'.03% Ga2C8YPA Choh! Aﬁbg&aﬁﬁ%oea{%dy%% .t&l%@FozgeW%%ago%E-tﬁeﬁti oned

ain of the_conventional_glass is one.wth,respect case where the
Piber 1 ehgt FORPIE TS LARF (3t 3TRBNEIIFEr Lt nib Rl nEsF R GRECAERB001 mW 30
MARCH 2006 - 3. 1t 1is .comp Ig’kqpr t hat the gain decreases as the
intensity oP%ﬁﬁ?%ﬁiyﬁﬂZ?io t ??% a%é??‘and a gain of a desired | evel may

not be obtai nedyby. The coO¥ENLLONG ard' AR FRFAEFSe 1188 90BL, T Nt
aving an intensity

has had a drawback that its glass transition point is
typically at most 320°C, whereby a thermal damage is

10 -likely to result if the intensity of excitation light for
optical amplification increases.

In order to solve these problems, JP-A-2001-102661

discloses a resin-coated glass fiber having a length of 6
cm, whereby a gain of at least 9 dB can be obtained with

v15 respect to a signal iight having a wavelength of from
1.50 uym to 1.59 um and an intensity of 0.001 mW. Here,
the length is 6 cm, whereby it is unnecessary to wind it
into a bobbin. Further, the core of the above resin-
coated glass fiber, is an Er-doped bismuth oxide type

20 glass (hereinafter referred to as the conventional glass)
having Er doped in a proportion of 0.6 part by mass per
100 parts by mass of a bismuth oxide type matrix glass
(as represented by mol%, Bi;03: 42.8%, By03: 28.5%, SiO;:
14.3%, Gay0s3: 7.1%, Al;03: 7.1%, and CeOj: 0.2%).

25 The above-mentioned gain of the conventional glass

is one with respect to a case where the fiber length is 6

cm, and the intensity of the signal light is 0.001 mw.



5 of about 0.1 mMW which is commonly used for e.g. WDM Further, if the
conventional glass is used for anplification of a Iight w thiBg)sARYEL2660L N
region including L band, a conversion efficiency of a desired |evel, my
not be obtained. 10 It is an object of the present invention to provide an
optical amplifying glass and an optical wavegui de, which are capabl e of
sol ving the above-nentioned problens. The present invention provides an
optical amplifying glass conprising 100 parts by mass of a matrix glass and
15 from 0. 1 1to il0 qafricn by kmsen ofh&tr tlopegain dbergatesxagl aie, wherein the
matri x glass conprises Bi 203, at |east one of B203 and Si 2, at |east one
menber sel edtraerfgiony dhetlgs osipgreahsl sghtoginér&a268, MAA andaleOdf and La203
in such aratio that Bi203 is from20 to 80 nol% B2G3+Si)2 20 is from5 to
75 nol d, Gada3sH\WeRY TiefPel andy amot). det obBbined| By @hd terR08nksohedm 0.01 to
15 nol d. Further, the present invention provides an optical waveguide
conpri si ng tdlmshavicloptesedctand i 4 ys hgngl assghashahéngoae. iAbeNewtyt he
present invention will be described in detail -with reference to the
preferred entodibrent 2.1 T, optical ianpbihgnhyg gtadsfot ehg.pwbment 30 MARCH
2006 - 4 invention (hereinafter referred to as the glass of the present
invention) is uskdrtiseml | yf atha coneenfianalopglasal iwavegdi derhavi ng a
core/cladding structure, such as a glass fiber having the same structure or
a pl ane amplification of a light within a wavelength region
including L band, a conversion efficiency of a desired
level, may not be obtained.
10 It is an object of the present invention to provide
an optical amplifying glass and an optical waveguide,
which are capable of solving the above-mentioned problems.
The present invention provides an optical amplifying
glass comprising 100 parts by mass of a matrix glass and
15 from 0.1 to 10 parts by mass of Er doped to the matrix
glass, wherein the matrix glass comprises Bi;0;, at least
one of B;0; and Si0O,;, at least one member selected from
the group consisting of Ga;0;, WO; and TeO;, and Lay0; in
such a ratio that Bi;03; is from 20 to 80 mol%, B;03+SiO;
20 is from 5 to 75 mol%, Gay03+W03+TeO; is from 0.1 to 35
mol%, and Lay03 is from 0.01 to 15 mol%.
Further, the present invention provides an optical
waveguide comprising the above optical amplifying glass
as the core.
25 Now, the present invention will be described in

detail with reference to the preferred embodiments.

The optical amplifying glass of the present



5 wavegui de having the sane structure. Such an optical waveguide is the
wavegui de of the present invention. The optical wavegui de of 3 MARCES26U6
invention is suitable for anplifying a light with a wavel ength of from
1,530 to 1,630 rim particularly a light in Cband in a 10 short |ength.
Further, it is suitable for anplifying a light in L band at a high
conversion efficiency. Such anplification ks carried out by introducing an
excitation light together with a light to be anplified (i.e. a signal

i ght) into irhecoren AsesethafinedSregertradi bn &asghhe glhaseofbedm havi ng a
wavel ength of from 970 to 990 nmor from1,470 to 1,490 nmis usually

enpl oyed. Usuzddent fonvamploh] casi onedf uaubl it asnaCcobandf am excitation

| i ght having a wavel ength of from970 to 990 nmis used, and for
anplificati optofcal |wvaghgiide Revibanda anrexcladding Ebghtthaei, nguash

wavel ength of 1,470 to 1,490 nmis used. However, the excitation light is
not |initecds eretass | hikexradsavisher eheheanpt scabctavegarde pflaniee present
invention is used for anplification of a light in Cband 25 in a |length of
8 cm or Pesyavdmuie mhaoing thehsahavshguchunayel Shgh rofoprdbael, 530 nmto
1,560 nmand an intensity of 0.1 mW is preferably at |east 8 dB when the 30
MARCH 2006 Wa&7edwidg hiof theevapedenfienwaregifderegeBtcanVenting . .gain when
the length is 5 cm is |ess than 8 dB, the above problem may not be sol ved.
Nanel y, when theThengPhicalgwavapeidress, the Ruegedte igaERtHO HS obt ai ned

W th respect | o . )
suitable for amplifying a light with a wavelength of from

1,530 to 1,630 nm, particularly a light in C band in a
10 short length. Further, it is suitable for amplifying a
light in L band at a high converéion efficiency.

Such amplification is carried out by introducing an
excitation light together with a light to be amplified
(i.e. a signal light) into the core. As such an

15 excitation light} a laser beam having a wavelength of
from 970 to 990 nm or from 1,470 to 1,490 nm is usually
employed. Usually, for amplification of a light in C
band, an excitation light having a wavelength of from 970
to 990 nm is used, and for amplification of a light in L

20 band, an excitation light having a wavelength of 1,470 to
1,490 nm is used. However, the excitation light is not
limited thereto.

In a case where the optical waveguide of the present
invention is used for amplification of a light in C band

25 1in a length of 8 cm or less, the gain for a light having
a wavelength of from 1,530 nm to 1,560 nm and an

intensity of 0.1 mW, is preferably at least 8 dB when the



5 to a signal light having an intensity of 0.1 nmW The above gain when the
length is 5 cm is nore preferably at least 9 dB. In a case where the
optical wavegui de of the present invention is used for anplifPeMARGHZP0G
light in the 10 wavel ength region including L band, the conversion
efficiency i7 for a light having a wavel ength of 1,600 nm is preferably at
|l east 10% If it is less than 10% the desired gain may not be obtained. It
is nore preferably at |east 15% Here; P77 s represented by a percentage of

Mntensi ty, OTEToE Therent BT RHEOFSUt Boate] GXEFC 1066 SAD PRG™ 3-dB down
egion of rEIEA, 8% 104U8ob ni C30 18 HECPeRBETSS MRy BRR PRI Iy |
10% * and’ t REYRLT 007 0T GRE RAUTHY: & NEVERendTebr U 600 F Fh TEnd an
0B 25 11 [ SThati KNS 15 pRararren hoh bo%i buebralbBulhRy ofenst qomn
bandn oL 1ot o, 4Gl L4100 o ILenEhiypohed JUCM pIATGR eELOTOL!
(e 5207 1Tl AR B NELOASLY 81 i 520 LA, AR lbags Y of
least 9 dB.
In a case where the optical waveguide of the present
invention is used for amplification of a light in the
10 wavelength region including L band, the conversion
efficiency n for a light having a wavelength of 1,600 nm,
is preferably at least 10%. If it is less than 10%, the
desired gain may not be obtained. It is more preferably
at least 15%. Here, n 1s represented by a percentage of
15 the ratio of the signal 1light output intensity to the
excitation light intensity.
It is more preferred that n is at least 10%, and the
3-dB down bandwidth for a light having an intensity of 1
mW within a wavelength region of from 1,530 to 1,620 nm,
20 is at least 55 nm, particularly preferably at least 60 nm.
Further, it is more preferred that n is at least 10%,
and the gain for a light having a wavelength of 1,620 nm
and an intensity of 1 mW, is at least 10 dB, particularly

preferably at least 15 dB.

25 It is particularly preferred that n 1s at least 10%,
the 3-dB down bandwidth for a light having an intensity

of 1 mW within a wavelength region of from 1,530 to 1,620



5 invention as a core (hereinafter referred to as an optical fiber of the
present invention), the core dianmeter and the cladding dianeter are
typically from2 to 10 pm and from 100 to 200 pm respecti veBPYMAR(SH 200
optical fiber of the present invention is 10 used for EDFA w thout being
wound into a bobbin, its length is preferably at nost 8 cm nore preferably
at nost 6 cm particularly preferably at nost 5 cm It is preferred that
the refractive index n2 of the claddingbof the optical fiber of the present
invention 15 and the refractive index nl of the core i.e._ the glass of the
present inveHti ohS &F|1eaaki ePy"Pneahdl FBRi H81RoLREI & L1PBfe haying @
typically from1.8 to 2.%. g.OOOS[err] nl-n2)/nllerr] 0.1 Further, it is
preferred t HAVEHERABRVREL cf alit ng™i 8nd28R nARESBFL15YgPase, ™dnd 1St &% nore
preferred that sucg a__glass consists essentially of, as represented by
nol d, from2%%h 7088 Bj 203, from5 to 74.89% of B2B+Si 2, fromO0.1 to
30% of A12B+G2(8, and fton&0.0é to, 10% of . CeQ2. 25 The_ optical fiber of
the present invehtidR ARY68L HrEFLr BAY1PGr toRafprss PRSP RESRE pref or m
having the core gl ass_and the cl(gddi ng gl ass cgnbi ngd by a well 30 MARCH
2006 - 7° knodwheRktPsFon2nEthBd, "ahatGralhgt ShERT &9pFBF BPnf™ The gl ass
transition point T. of. the glass of the resept inveption is preferably at
| east 360G THEHER T ST Pohertt Aan 5660 nLA T 4S8) AR GPER A hi gh
Intensity diameter and the cladding diameter are typically from 2
to 10 um, and from 100 to 200 um, respectively.
When the optical fiber of the present invention is
10 used for EDFA without being wound into a bobbin, its
length is preferably at most 8 cm, more preferably at
most 6 cm, particularly preferably at most 5 cm.
It is preferred that the refractive index n, of the
cladding of the optical fiber of the present invention
15 and the refractive index n; of the core i.e. the glass of
the present invention, will satisfy the following formula.
Here, n; is typically from 1.8 to 2.2.
0.0005<(n;-ny) /m<0.1
Further, it is preferred that the above cladding is
20 made of a glass, and it is more preferred that such a
glass consists essentially of, as represented by mols,
from 25 to 70% of Biy0;, from 5 to 74.89% of B;03+S10,,
from 0.1 to 30% of Al;03+Gay0;, and from 0.01 to 10% of
Ce0,.
25 The optical fiber of the present invention may be

prepared, for example, by preparing a preform having the

core glass and the cladding glass combined by a well-



5 is used as an excitation light, the tenperature of the glass tends to be
| ocally high and thernally damaged, whereby the optical | oss na i_ncrease,
and the optical anplification tends to be inadequate. More prdy MARGE 2006 he
glass transition point is at |east 400C, 10 particularly preferably at | east
420C. The glass of the present invention conprises a matrix glass and Er.

If the anmount of Er to the matrix glass, is less than 0.1 part by mass per
100 parts by mass of the matrix 15 glas$,~no adequate gain can be obtai ned.
It is preferably at least 0.2 part by nmass. |f it exceeds 10 parts by nass,
V|tr|f|catl&WQWQKE¥Q¥P%kPQHW$?Q%@t a%@ dﬂ%%l?% %Bﬁéeﬁt?é?ﬁBﬁmquenchlng, t he
gain tends to rather _ decrease. r ef er abl no by mass,
more 20 prefer abty® ot %%%ttﬁaBEFFéoﬁypgﬁQE Tpd?%'@%?a?f?sspgg ﬁ&bly at nost
3 parts by mass. In a case where the_glass of the present invention is to
be used as &FTPRHcaNYeHetonr the PERfERAPLY 2ypiearFy3al Gostiis Tnjisto be
used for EDFA mﬁthout beln 25 wound into a bobbin or to he used for a
conpact pl anev¥sia e Wheiyteh llasgecryﬁie@é‘} WLt ardetols Jéh‘ie%l%lléﬁ used

f EDFA, E f b| t d t 30
a?rl east °0. glgp%£r‘§fe§r1%§§ye%€f§£€$§e Ja%l':’g a&?@\%%peﬁaéuﬁgr?f g ﬁ"ass

Phe mtrix SRS TS Share oot e AToh e il ly Sgpdieranry T
whereby the optical loss may increase, and the optical
amplification tends to be inadequate. More preferably,
the glass transition point is at least 400°C,

10 particularly preferably at least 420°C.
The glass of the present invention comprises a
matrix glass and Er.
If the amount of Er to the matrix glass, is less
than 0.1 part by mass per 100 parts by mass of the matrix
15 glass, no adequate gain can be obtained. It is
preferably at least 0.2 part by mass. If it exceeds 10
parts by mass, vitrification tends to be difficult, or
due to concentration quenching, the gain tends to rather
decrease. It is preferably at most 7 parts by mass, more
20 preferably at most 4 parts by mass, particularly
preferably at most 3 parts by mass.
In a case where the glass of the present invention
is to be used as an optical fiber (the length is
typically at most 8 cm) to be used for EDFA without being
25 wound into a bobbin or to be used for a compact plane
waveguide (the length is typically at most 8 cm) to be

used for EDFA, Er is preferably incorporated in an amount



5 froml to 3 parts by nmass, nore preferably from1.2 to 3 parts by nass,
particularly preferably from1.5 to 3 parts by mass, per 100 parts by mass
of the matrix glass. In a case where the glass of the present PHYHREBA006 s
to be used for anplification of a light in a 10 wavel ength regi on including
L band, Er is incorporated preferably in an anount of at |least 0.1 part by
mass and |ess than 1 part by nass, per 400 parts by mass of the nmatrix
glass. It is nore preferably at least 0.2 part by mass, particularly

preferably &jr |gasteds3 P& tpdyr Besmads aRdritpierapas1pr atenahky at nost
0.9 part by nass, particularly preferably at nbst 0.8 part by nass. Now,

the conposi tg @ Rfrd e, mddd x ﬁsma@ lilhnafby gtassrabi{yhgcpressat 1igvention

wi |l be described, wherein nold w be represented sinply by % 20 Bi 2G3

i's an essentdzatt aRMENENt .pdf 146 SEPEEBy iRastess thamaO¥ xt feawavel engt h
width A A wherein the gain is obtainable, tends to be small. Its content

is preferably athd egsépsPionvse Rreigr ehby¥eatakeast i35krefpatilgul arly
preferably at least 40% If the content 25 exceeds 80% vitrification tends

to be di tfi ciddm 1 deyvi3 rpddeatbpmd eadsmé e t pkerpapeyderomg1pPROESSSi NY
into a fiber, or Tg tends to be too low. The content is 30 MARCH 2006 - 9
preferably alarmstoy’Wasoreaptefelably site f@BabEP Y% ropalt cubasl y
preferably at nost 50% Here, devitrification is one where precipitation of
crystal s i s parermrtkabias ssnhanel Whepabys fhpemads eakageei satrkel glass.
In a case where the glass of the present invention
is to be used for amplification of a light in a
10 wavelength region including L band, Er is incorporated
preferably in an amount of at least 0.1 part by mass and
less than 1 part by méss, per 100 parts by mass of the
matrix glass. It is more preferably at least 0.2 part by
mass, particularly preferably at least 0.3 part by mass,
15 and it is more preferably at most 0.9 part by mass,
particularly preferably at most 0.8 part by mass.
Now, the composition of the matrix glass in the
glass of the present invention will be described, wherein
mol% will be represented simply by %.
20 Bi,03 is an essential component. If its content is
less than 20%, the wavelength width A 1 wherein the gain
is obtainable, tends to be small. Its content is
preferably at least 30%, more preferably at least 35%,
particularly preferably at least 40%. If the content
25 exceeds 80%, vitrification tends to be difficult,

devitrification tends to take place during processing

into a fiber, or Ty tends to be too low. The content is



5 take place during processing into a fiber, or fiber breakage is Iikely to
take place during the use as an optical fi ber B203 and Si &2 are networ
fornmers, and at |east one of themnust be contained in order %%Mf*&&ﬂ?'}oﬁte
10 for mati on of glass by suppressing precipitation of «crystals during the
production of the glass. If their total content B2GB+SiQ2 is | ess than 5%
vitrification tends to be difficult, or _devitrification takes place during
processing into a fiber. The total conteht-is 15 nore preferably at | east

10% f er abl t_ 15% particula f er abl | east 19%
rost " pref Ry A Lot B 199 Re5e oetePoslp i TaloRPrY BhRes o

decr ease. m)re refer nost_ 60% ..stil|l nore preferably at npst
55% partlc@aei’rr fpé?earg?lgﬁlg#yn%%tmﬁ%%@S% I'L‘?]éef erably at nost 40%
The cont ent referably at, npst_60% er abl t nost 45%
particul ar ﬁfefje%rra%vaa +GHbst® 3?}%/,@ e %5%%2%%?5 P % 85%’#83 St 6% npr ove
the water resista o] |ncreas conten s.25 preferably
adj ust ed to bén atka%o aﬁfi °dh n%rf(gb pfle er a ]feaﬁa%eBiES%E |Xco§porat ed.

Th t 0 06 - 10
prgf gfgb y é:t Iﬁ%@ par ﬁar yS{p? fler?tg Iy a ﬁ%étg@%é%ﬂ
preferably %re{sg(;dt&e“%; Men S @ &ék%@fé’éé)oé@{fﬂ%%é goatgpt 4ihs

pref erably at nore - prefera | east particul arly
preferably a,d€asl fiver.

B,03; and Si0O,; are network formers, and at least one
of them must be contained in order to facilitate
10 formation of glass by suppressing precipitation of
crystals during the production of the glass. If their
total content B;03+S10; is less than 5%, vitrification
tends to be difficult, or devitrification takes place
during processing into a fiber. The total content is
15 more preferably at least 10%, more preferably at least
15%, particularly preferably at least 19%, most
preferably at least 25%. If it exceeds 75%, the gain
tends to decrease. It is more preferably at most 60%,
still more preferably at most 55%, particularly
20 preferably at most 45%, most preferably at most 40%.
The content of B;0; is preferably at most 60%, more
preferably at most 45%, particular preferably at most 30%.
In a case where it is desired to improve the water
resistance or to increase the gain, the content is
25 preferably adjusted to be at most 20%, and more
preferably, no B;O; is incorporated.

The content of Si0; is preferably at most 60%, more



5 19% nost preferably at |east 25% G203, W3 and Te02 are conponents

which increase Al At |east one nenber fromthese three conponents nust be
incorporated. If their total content Ga2@B+WB+Te(2 is |ess tRAANARGH2006
tends to be small. The total content 10 is preferably at |east 3% nore

preferably at least 5% particularly preferably at least 10% and if it
exceeds 35% the gain tends to be low. It is preferably at nost 30% nore
preferably at nost 25% Wen it is dest rEd tTo increase Ak, it is preferred
15 to incorporate 3. The co nt of Ga203 is preferably at nost 30%
nore pref er¥bf e’é‘%‘%ﬁ%s"ﬁltz’ﬁ%tvﬁé ' RIBBLFEIPALEr g’&%eé&?’%x’t &t Mient is
preferably a east 19% re eferably. a | east 5%, .particularly
preferably a%'r’JFEaIg?S%O%/orggﬁr%ﬁiycSht @ﬁ%to?O%S geﬁr%fg% abfy at nost 30%
nore preferably at st 20% particul arl ref erabl y at, _nost ..,10% Wen W3
i s incorpor alt%%%lr??ggg%cat eht®i EOB&SPgr aBl érgggrf%ggt %foﬁ;tler?ﬁ?te refSbly at

| east 3% The cpntent. of, TeQ2 LS ef er abl. t st._3Q% re ref erably
at nost 20%ng%rﬁe%%>é 5 ?%%%‘r:ptl)regf egf-i%l? éui‘g(l)ﬁn eﬁ)trel(%éeqrﬁr efyeraa%ﬁyeoaastegleast

1% nore pr e{g,\%gblj%igtpréggﬁ??%/i agolggggﬁggqes - 11 La233 is essential and

has an effec concen ron quenching less likely to take place or
o0 OES L0l TELRRSP e e Bt babBRentlabngcRithoraiel o oot
At least one member from these three components must be
incorporated. If their total content Gaz03+WO3+TeO; is
less than 0.1%, A1 tends to be small. The total content

10 1is preferably at least 3%, more preferably at least 5%,
particulariy preferably at least 10%, and if it exceeds
35%, the gain tends to be low. It is preferably at most
30%, more preferably at most 25%.

When it is desired to increase A1, it is preferred

15 to incorporate Gaj0;.

The content of Ga;0; is preferably at most 30%, more
preferably at most 20%. When Ga;0; is incorporated, its
content is preferably at least 1%, more preferably at
least 5%, particularly preferably at least 10%.

20 The content of WO; is preferably at most 30%, more
preferably at most 20%, particularly preferably at most
10%. When WO; is incorporated, its content 1s preferably
at least 1%, more preferably at least 3%.

The content of TeO; is preferably at most 30%, more

25 preferably at most 20%. When TeO, is incorporated, its

content is preferably at least 1%, more preferably at

least 3%.



s 0.1% If it exceeds 15% vitrification tends to be difficult, or the

optical loss tends to increase. It is preferably at nost 12% r
preferably at nost 10% In a case where the glass of the preseﬁ$HVﬁV3ﬂ@WEh

is to be used for an optical fiber to be used for EDFA 1o w thout being
wound into a bobbin, or to be used for a conpact plane wavegui de to be used
for EDFA, the anmount of Er |ncorporated to the matrix glass tends to be
typically high at a |level of at Ieast'1 rt by mass, and in order to

10 more prof or abFyan s SREERSIR Y (g AR h &S Te '] ARCOY the present
invention is to be used for lifi atlo a g wavel engt h
Fegi on i ncl mmcgert%%hon@%%%”ﬁn%r Serabifes FronrseselacHet fhouch a
case, the length of 5he ééca fibernor @Ian waye ui de [8 ong
(typically %£¥?%%s? st ¢ %n Froft eXG%QdE %% dgg??e% 6%t|ca
Tore LLE?ELS%&%}?LI??%%S'fSeﬁ%‘aé S¥GE ey %%Ji%eﬁiro? PEEERE St e 285 n (he
resent v on, demipi gl e ML e sta e LY o
to 60% Sogﬂfkff%&%%@ or the optical loss tends to increase. It is
preferably at most 12%, more preferably at most 10%.
In a case where the glass of the present invention
is to be used for an optical fiber to be used for EDFA
10 without being wound into a bobbin, or to be used for a
compact plane waveguide to be used for EDFA, the amount
of Er incorporated to the matrix glass tends to be
typically high at a level of at least 1 part by mass, and
in order to suppress concentration gquenching due to Er,
15 Lay03 is preferably at least 1%, more preferably at least
2%.
In a case where the glass of the present invention
is to be used for amplification of a light in a
wavelength region including L band, La;0; is preferably
20 from 0.5 to 4%. In such a case, the length of the
optical fiber or the plane waveguide is long (typically
at least 80 cm), and if it exceeds 4%, the desired
optical amplification tends to be hardly obtainable due
to an optical loss. It is more preferably at most 3%,
25 particularly preferably at most 2.5%.

In the present invention, the matrix glass

preferably consists essentially of, based on the



5 G@2)3 0to 30% W3 O0to 30% Te02 0 to 30% La203 0.01 to 15% A12C33
O0to 10% 10 GeO2 0 to 30% TiO2 O to 30% Sn02 O0to 30% and Ce2 0O to
2% O the above preferred matrix glass, components 15 ot her tBA&MARCKH3006
B233, 802, G233, W3, Te02 and La203 as described in the foregoing, wll
be described. A1203 is not essential, but may be incorporated up to 10% to
facilitate formation of the glass by suppressing precipitation of crystals
during the preparation of the 20 glas§:q% Tt exceeds 10% the optica
anplificatio factor may.decrease. It is nore preferably at nost 9% still
nmore pref erdﬂqjyl%"flrh%s?x % particularly preferably at nost 7% nost
preferably at nmost 5% When IS, i ncorporated, its content is
preferably at Ie%%%go.lwb 25%#ﬁ§%)6$%79rably at least 1% particularly
preferably at Ig t 2% In orodeérO t6cb%facilitate formation of the glass by 30
MARCH 2006 - 13 “Stippressing precipitdtion of crystals during the
preparation of tgfoglass, it bsd%%g§¥red to incorporate at |east one of
A1203 and Ga203,”and their total conteént Al203+Ga2CB8 is preferably at nost

30% If the tot alJ;azo3 0 to 30%,
WOs 0 to 30%,
TeO, 0 to 30%,
La,03 0.01 to 15%,
21,0, 0 to 10%,
10 GeO, 0 to 30%,
Ti0, 0 to 30%,
Sno, 0 to 30%, and
CeO; 0 to 2%.

Of the above preferred matrix glass, components
15 other than Bi,03, B30;3, Si0;, Gay03, W03, TeO; and La,0; as
described in the foregoing, will be described.
Al,0; is not essential, but may be incorporated up to
10%, to facilitate formation of the glass by suppressing
precipitation of crystals during the preparation of the
20 glass. If it exceeds 10%, the optical amplification
factor may decrease. It is more preferably at most 9%,
still more preferably at most 8%, particularly preferably
at most 7%, most preferably at most 5%. When Al,0; is
incorporated, its content is preferably at least 0.1%,
25 more preferably at least 1%, particularly preferably at
least 2%.

In order to facilitate formation of the glass by



5 content exceeds 30% vitrification tends to be difficult, or T. tends to
be low. Mre preferably, it is at nost 25% Further, AlZCBJrGagWﬁCHZOM
preferably at |least 3% nore preferably at |east 8% particu

preferably at least 12% 10 GeQ2 is not essential, but may be incorporated
up to 30% as it has an effect to facilitate formation of the glass or an
effect to |ncrease the refractive index. J it exceeds 30% the glass tends
to crystallize. is preferably at rost 10% nore preferably at nost 5%

when 15 Ge) %ﬁ@astgffg; %%glPiEgtEBHtS?t ckglsl%gfseﬁﬁ% Yodkpkeast 0.1% more

preferably at S not essentl Gt “may Be |ncorporated up to

2% o prevent, B20% re@%f{)@ﬁé%&g%og-knigh [LoLmal sBRLELOLS T, |0 the

nol ten gl as wer i t he transparency o ass

exceeds 2% LCOié?éi@E'ng‘D O%tﬂf %he S WalB, & ¥k oML £p1 06+ 91 aBnpLApge CO' or

tends to be substanti ereb transnlttance tends to decrease. It is

preferably 3&1;@0% l@r&eﬁféﬁ ? 0.5% Mhen {e@ is

i ncor porate it's content IS pre erab y at” [east” 0.1% en it is desired

to increase é&?téﬁ@”é:@@é@@&y_% %! b§t9£§i@5£§9nt PahaR0toCBER 31 § £l RGQRLROT at ed.
30 MARCH 2006 - 14 Each of TiC2 and SnhC2 i's not essential, but each’'may be

i ncor por at eth Wi p hitkrid adeOf1 4P, | M3 prdF 88,1 Ot SWRIteSHst
devitrification durlng t he processing |nto a fiber. Each content is nore
preferably ais®Dstrukd%er, A1,0;+Ga,0; is preferably at least 3%, more
preferably at least 8%, particularly preferably at least
12%.
10 GeO,; is not essential, but may be incorporated up to
30%, as it has an effect to facilitate formation of the
glass or an effect to increase the refractive index. If
it exceeds 30%, the glass tends to crystallize. It is
preferably at most 10%, more preferably at most 5%. When
15 GeO,; is incorporated, its content is preferably at least
0.1%, more preferably at least 1%.
Ce0, is not essential, but may be incorporated up to
2% to prevent Biy0; from precipitating in the form of
metal bismuth in the molten glass and thereby lowering
20 the transparency of the glass. If it exceeds 2%,
coloration of the glass with a yellow color or an orange
color tends to be substantial, whereby the transmittance
tends to decrease. It 1is preferably at most 1%, more
preferably at most 0.5%. When CeO; is incorporated, its
25 content is preferably at least 0.1%. When it is desired

to increase the transparency, it is preferred that no

Ce0,; is incorporated.



5 A preferred matrix glass in the present invention consists essentially of
t he above-descri bed conponents, but other conponents may be incorporated
within a range not to inpair the purpose of the present invend9MARGHZ006
total content of such "other conponents” is preferably at 10 nost 10% For
exanple, MO, CaO SrO BaO, Na20 K20, Zr®2, ZnO CJO 1n203, PbO etc.,
may be incorporated to suppress devitrification during the processing into
a fiber or to facilitate vitrification,t4and Yo203 may be incorporated to

suppress devitrification_or concentration 15 quenchi ng. .Further.,, when Yb2QG3
i's incorporat ed,é‘?cks‘ ogoﬁfé‘htaril %%ezfelrsatr)]loilt aet%srreonstilagjfg’g/o RN heal"celgprg%}’ to the
met hod f or p[goduci ng the ass, ., of ghga{grese]@tu' nggn%gn, .there is .no

i beP 4

parti cul ar st TR Ot orWlet>:<hﬁrf)I e g?‘mg’/ prodac %{/1 826 el | ng
| )

a )
met hod wherein the starting. ppterjials.are p ared and.m xed, put into a
Gol 4 cr uci b BeEed RHLOSLFELEL ] 8 o PegPLBRADER 838 I BhE P Y Y L0 B o

and nelted ﬂ‘tb arte@%%khatc%r%egjtngﬁrsgmg%Oé]ﬁeééQ&Oﬁ/:%%@s% f.é]g t he obt ai ned

melt is cast TNhto a prescribe erw se, e produced by a
net hod other thap I%?gfeg?g{ii Hgtgg%h%gﬁ&%ugg gﬁ?a ggls-(é%%l ﬁ%gﬂ Q a gas
phase vapor depositron nethod. 06 P _ VP 0 a matrix
0L, DY e SEPIS 4O SEL SO LS oAt fglr e B 203 (o
mass in but other components may be incorporated within a range
not to impair the purpose of the present invention. The
total content of such “other components” is preferably at
10 most 10%. For example, MgO, CaO, Sr0O, BaO, Nay;0, K;0,
Zr0O;, Zn0O, CdO, Iny0i;, PbO, etc., may be incorporated to
suppress devitrification during the processing into a
fiber or to facilitate vitrification, and Yb,0; may be
incorporated to suppress devitrification or concentration
15 gquenching. Further, when Yb,0; is incorporated, its
content is preferably at most 5%.
With respect to the method for producing the glass
of the present invention, there is no particular
restriction. For example, it may be produced by a
20 melting method wherein the starting materials are
prepared and mixed, put into a gold crucible, an alumina
crucible, a Si0O, crucible or an iridium crucible and
melted at a temperature of from 800 to 1,300°C in air,
and the obtained melt is cast into a prescribed mold.
25 Otherwise, it may be produced by a method other than the

melting method, such as a sol-gel method or a gas phase

vapor deposition method.



5 the Tabl es per 100 parts by mass of the matrix glass, and the glass thus
obt ai ned was nelted at 1,200C by a nelting nmethod. In Exarrple 1 (claddin )
Exanple 2 (cladding), Exanple 3 (cladding), Exanple 4 (claddi A§MAREHZ

5 (cladding) and Exanple 6 (cladding), no Er was 10 incorporated. Exanple 1
(core), Exanple 3 (core), Exanple 4 (core) and Exanple 5 (core) are

Exanpl es of the glass of the present invention. Oher glasses are

Conpar ative Exanples. Wth respect totHese gl asses, the refractive index
15 n at a wayel ength of 1.55 pmwas neasured by an ellipsoneter, and the
gl ass transi L&ﬁnt Tg (unit: C) was neasured by a differential thernal

anal ysi s (DTA) The results e own in the Tabl An opt 1 ical fiber 1
having a core di3hetdP2bfis 9 §5lEPaadFﬁﬁp8Fé§éP& a5t SPO¥ T RYand a

e S B IR R SR
Li kew se, pt| cal ! havi ng (o a&,ret r a_cl addi ng
di amet er Mapﬁnaa%%ecgs % % SRERRCEE Lo oy %\LB% &%}sapaatﬁrrék BR&Rpre 2
of 4.5 S% e e N e R G R S e A e
opti cal {1 bar e”%%%‘%%gﬂ" Soatafpdnter hehce %ﬁfp5§9 dPh di amet et of
125 pmand g1 &N R &PA R 2ABSITEPR &4 Jd PP} amml G L core) and
(cladding), Example 3 (cladding), Example 4 (cladding),
Example 5 (cladding) and Example 6 (cladding), no Er was
10 incorporated. Example 1 (core), Example 3 (core),
Example 4 (core) and Example 5 (core) areAExamples of the
glass of the present invention. Other glasses are
Comparative Examples.
With respect to these glasses, the refractive index
15 n at a wavelength of 1.55 um was measured by an
ellipsometer, and the glass transition point Ty (unit:
°C) was measured by a differential thefmal analysis (DTA).
The results are shown in the Tables.
An optical fiber 1 having a core diameter of 4 pm, a
20 cladding diameter of 124 pm and a length of 5 cm was
prepared from Example 1 (core) and Example 1 (cladding)
by drawing a preform which was prepared by a well-known
extrusion method. Likewise, an optical fiber 2 having a
core diameter of 4 um, a cladding diameter of 124 um and
25 a length of 5 cm, was prepared from Example 2 (core) and
Example 2 (cladding); an optical fiber 3 having a core

diameter of 4.5 um, a cladding diameter of 125 um and a



5 Exanple 4 (cladding); an optical fiber 5 having a core dianmeter of 4.7
pm a cladding dianmeter of 125 pmand a Ilength of 253 cm was AL 2 rom
Exanple 5 (core) and Exanple 5 (cladding); and an optical fi b%&@%ﬂg ?1‘{? a
core dianeter of 4.0 pm a cladding dianeter of 125 pm 10 and | ength of 118
cm was prepared from Exanple 6 (core) and Exanple 6 (cladding). The
optical fibers 1, 3, 4 and 5 are Exanpl %s of the optical wavegui de of the
present invention, and t he opti cal fibéPs ™2 and 6 are Conparative

Exanpl es. 15 [ th o cﬁA v&%%&?rr N R rrp@s?%aé”ﬁéggs?ﬁ%\lfha“o”

l'ight) havi ng wave m-and an inte and a

I 1ightg t ngt
?hgz'?l fi Ieg i r%afgl{)ﬁeeg? 4yc_load§i]‘gggmere |(pn§tr oda@vgz,lgandi]t}gg? e(‘:;o%)'?.ll:cafg fibers 3
to 6, 20 a |a t t fg4 1,480 nm
and i ntensi tysag[# t%gfargrélv an%w S|aa{glncqlrhci| %ﬁ)d%%gﬁgﬁ?€a¥§%\/@ghgr\}?ng a
wavel engt h %rfgg%{]tdff'ﬁh 'é?n ‘(Aggg %ﬁf 1§x gdyc%jorypeéﬁapon t he
e e resu ts 0

gain G (unit was neasur asurenent 25 of G are

shown i n Tabl.es 4 and &1 BdsHal %Haéﬁﬁlt@alt@ﬁ% 'é%@gn Ogégg%@efromthe

i nci dent strengthlln of the S|gnal Into the 30 MA

optical fibey; ARddNe Out putyd NtLnsidyad tdiérﬁ’é@éﬁeofoPﬁScﬁﬁ bhBer, and the
measurement error is wWwithin 0.5 dB. G=1 (lTout-1Tin/ 1in)

length of 253 cm, was prepared from Example 5 (core) and

Example 5 (cladding); and an optical fiber 6 having a
core diameter of 4.0 um, a cladding diameter of 125 pm

10 and length of 118 cm, was prepared from Example 6 (core)
and Example 6 (cladding). The optical fibers 1, 3, 4 and
5 are Examples of the optical waveguide of the present
invention, and the optical fibers 2 and 6 are Comparative
Examples.

15 To the optical fibers 1 and 2, a laser beam (an
excitation light) having a wavelength of 980 nm and an
intensity of 230 mW and a signal light (intensity=0.1 mW)
having a wavelength (unit: nm) as identified in Tables 4
and 5, were introduced, and to the optical fibers 3 to 6,

20 a laser beam (an excitation light) having a wavelength of
1,480 nm and intensity of 280 mW and a signal light
(intensity=1 mW) having a wavelength as identified in
Tables 4 and 5, were introduced, whereupon the gain G
(unit: dB) was measured. The results of the measurement

25 of G are shown in Tables 4 and 5.

G 1s calculated by the following formula from the

incident strength I;, of the signal light into the



5 From Tables 4 and 5, it is evident that the 3-dB down bandw dth for a

| ight having an intensity of 1 mWis 75 rim 75 nmor nore, 70 nmor nore,
and 70 nmor nore with the optical fibers 3, 4, 5 and 6, respé@MARCH 2006
Further, G (unit: dB) was neasured by introducing a 10 |aser beam (an
excitation light) having a wavel ength of 980 nmand an intensity (unit: mA
as identified in Table 6 and a signal_ Ii7gh_t (intensity=l mW having a

wavel ength of 1,560 nm to the optical ]Tibers 1 and 2. Fromthe results of

t he measure . hoja_/mi' Tabl y b gk S 2 i t-tha j t he opti cal
fiber 1S_ﬁav%lchlengt_é%faﬁg 'gnrr? %ll%?ﬁgt }Etégﬁs{%gg’pdﬁméagr% gBtgai n_eg :/\,hen
the excitatlqn |1ght; JOLensidy s @éaéﬁfér%%&@%%r FULtaery & Gupid: dB)
and | out (unlpt. rﬁ/b Were ' neasured by Tntroduci hg a | aser “beam (an

excitation 2 I'ight) having a wavel ength of 1,480 nmand an intensity
(unit: mAN as identified in Table 7 or 8 and a signal Ilight (intensity=l

mMA having a wavel ghgi £ 1.600 to the optical fibers 3 to 6. The
results of the C?erlea@urg ?n‘f“o?l%fgg} shown in Table 7, and the results of 25

the nmeasyrement ®f,}opsppes shoMa sn Tablg 8yvigLAm faRkerBe BLgesS evident
that the above-nentioned n becones at |east 10% wth the optical fiber 3

when 30 MARGH D HunawBith Noexei 1 adh @it ohd dRt ensthyity 8F heat 1486 nW
with the optical fiber 4 when the excitation light intensity 1is at |east

100 mW and M t t e ofth i $Rlmd# Her7®. nheh méhe, excatadi on bkohbrentensity
is at least 79 MW On the
with the optical fibers 3, 4, 5 and 6, respectively.
Further, G (unit: dB) was measured by introducing a

10 laser beam (an excitation light) having a wavelength of
980 nm and an intensity (unit: ij as identified in Table
6 and a signal light (intensity=1 mW{ having a wavelength
of 1,560 nm, to the optical fibers 1 and 2. From the
results of the measurements shown in Table 6, it is

15 evident that with the optical fiber 1 having a length of
5 cm, G of at least 8 dB can be obtained when the
excitation light intensity is at least 120 mW.

Further, G (unit: dB) and Iy (unit: mW) were

measured by introducing a laser beam (an excitation

20 light) having a wavelength of 1,480 nm and an intensity
(unit: mW) as identified in Table 7 or 8 and a signal
light (intensity=1 mW) having a wavelength of 1,600 nm,
to the optical fibers 3 to 6. The results of the
measurement of G is shown in Table 7, and the results of

25 the measurement of I.,: are shown in Table 8.

From Table 8, it 1s evident that the above-mentioned

n becomes at least 10%, with the optical fiber 3 when



5 other hand, with the optical fiber 6 as a Conparative Exanple, even if
the excitation light intensity is 400 MN 77 is 8.2% i.e. less than 10%
Further, in Tables 6, 7 and 8, the case where the intensity i SOYIMHCH 2006
represents a case where only the 10 signal light was introduced w thout
introducing the | aser beam The optical fiber 1 is suitable for the above-
menti oned case wherein it is used for an optical fiber to be used for EDFA
wi t hout bei ng mound into a bobbln or imh 4% the above-nentioned case where it
is used for act | an e to be used.for E The apti cal
fibers 3, 4 %}EaEEPPa HERFoPELeRga 8y Tere RREFCaldbuTdl PO

l'ificati . I th | udi L. b
Further, thet? %|%sem I EaBER Eha EOnE Bt =6 2a205% AAAPETGRTRCEY | oss,

S?Zsiéimmg?é’ aé?feﬁ %%@l%gﬁmﬁh eﬂé”w%d&%gsnpé“ﬁ?@%? 3?5‘5%3%&!? dn%i’gﬁ}?l 3
3 5 7
(core) and %ﬁ3%@ﬁ@“@ﬁ%%@%%ﬁ% s (Zrihcor

Exanpl e % (claddl g%%fag§9h Egnlg ?T Exgnggg 9 (coEe 8 % +30 MARCH 2006

- 19 Exanple €°co 'ncre 'S set of f

Lhe reductl%&% g?ﬁ%ﬁefggagg%gagea@w1% il Qgitghgg%ycqr;p%'o“%s of

Exanple 7 (cor I'ng) aré e-same nmanner’ as in
Tables 1 to n 1s 8.2%, 1i.e. less than 10%.

Further, in Tables 6, 7 and 8, the case where the
intensity is 0 mW, represents a case where only the

10 signal light was introduced without introducing the laser
beam.

The optical fiber 1 is suitable for the above-
mentioned case wherein it is used for an optical fiber to
be used for EDFA without being wound into a bobbin or in

15 the above-mentioned case where it is used for a compact
plane waveguide to be used for EDFA.

The optical fibers 3, 4 and 5 are suitable for a
case where they are used for amplification of a light in
a wavelength region including L band.

20 Further, the relation between the content of Lay0;
and the optical loss, was examined as follows. Namely,
in the same manner as described above, glasses were
prepared in which the La;0; content of 4.3 mol% in
Example 3 (core) and Example 3 (cladding) was reduced to

25 2.8 mol% as in Example 7 (core) and Example 7 (cladding),
to 1.4 mol% as in Example 8 (core) or Example 8

(cladding) or to 0 mol% as in Example 9 (core) and



5 3. In the sane manner as the optical fiber 3, an optical fiber 7 was
prepared from Exanple 7 (core) and Exanple 7 (cladding), an optical fiber 8
was prepared from Exanple 8 (core) and Exanple 8 (cladding), al9dMARCH)2006
optical fiber 9 was prepared from Exanple 9 (core) and Exanple 9
(cladding). The optical |osses of the optical fibers 3, 7, 8 and 9 wth
respect to a light having a wavelength of 1,310 nm were neasured by a cut
back method and were found to be 15 2.1 ¥B8/™Mm 1.4 dB/m 0.7 dB/ mand 0.7

dB/ ively. I i f.thelLa2C3 t ds 4. | % t
dBrm eSPectlugly, o NPkl heckeR 000 o StgeSl, 4mlofl

i gibl ith I tical fiber. He I d t i d i b
101010 © WA 989, ERLL 8h.LLORE obeLey (0,81 dedh vl dhar i on by

Er, the |ight” having (
Exanpl o 1 Exaipl S SEL anplEos: CE8Pa P EoP RIPAG) &l AGALR) B2 GERIEHD a2, 84-2.
8 SI Q231 435, 635,635, 6, 2RI 814 AL Bhde Aahn 2G4 30%n1es 1 to
5 3.
In the same manner as the optical fiber 3, an
optical fiber 7 was prepared from Example 7 (core) and
Example 7 (cladding), an optical fiber 8 was prepared
from Example 8 (core) and Example 8 (cladding), and an
10 optical fiber 9 was prepared from Example 9 (core) and
Example 9 (cladding). ‘
The optical losses of the optical fibers 3, 7, 8 and
9 with respect to a light having a wavelength of 1,310 nm,
were measured by a cut back method and were found to be
15 2.1 dB/m, 1.4 dB/m, 0.7 dB/m and 0.7 dB/m, respectively.
Namely, if the Lajy;03; content exceeds 4 mol%, the optical
loss is at least 2 dB/m, and the optical loss may not be
negligible with a long optical fiber. Here, in order to
avoid absorption by Er, the light having the above-

20 mentioned wavelength was used for the measurement of the

optical loss.



Ce 0 20.20.20.20. 2 Er1.2201.270 n2. 0 52. 0 12. 0 22. 0 1 T,505485490485
Tabl e 2 Exanple 3 Exanple 3 Exanple 4 Exanple 4 (corecl ada

g) (core)(cl addi ng) Bi 208342. 742. 742. 742. 7 S i

Ga OL7. 814. 317. 814. 3 La2034. 34. 34. 34. 3 Al
20. 20. 20. 20. 2 Er0. 6500. 320 n2. 052, 042. 052. 04 |1T9505508505508 30
21 Table 3 Exanple 5 Exarrpl e 5 Exanple 6 Exanple 6
(core) (cladding)(core)(claddi ng) Bi 2082220822, 842. 842. 8 Si (R34. 234. 235.

MARCH 2006 -

635.

6

2033. 67.

‘Table 1
Example 1{Example l/|Example 2/Example 2
(core) lcladdindl (core) llcladding)
Bi,O, |42.7 42. 8 42. 8 42. 8
sio, 31. 4 35. 6 35. 6 35. 6
Ga,0, |17.38 14. 3 17. 8 14. 3
La,O, 4. 3 0 0 0
Al,0, 3. 6 7.1 3. 6 7.1
CeO, 0. 2 0. 2 0. 2 0. 2
Er 1. 22 0 1. 27 0
n 2. 05 2, 01 2. 02 2. 01
T, 505 485 490 485
Table 2
Example 3|Example 3|Example 4|Example 4
~lcore) "[cladding)| (core) |Cladding)
Bi,0O,4 42. 7 42.7 4 2. 7 42. 7
SiOo, 31. 4 31. 4 31. 4 31. 4
Ga,0, [17. 8 14. 3 17. 8 14. 3
La,O, 4. 3 4. 3 4. 3 4. 3
Al,0, 3. 6 7. 1 3. 6 7. 1
CeO, 0. 2 0. 2 0. 2 0. 2
Er 0. 65 0 0. 32 0
n 2. 05 2. 04 2. 05 2. 04
T, 505 508 505 508

023 1. 43 1. 4% MAREH 20064
13. 67.

1CeO



G a 20117. 81 4. 31 7. 814. 3 La2 031. 41. 400 A1 2 0,3. 67. 13. 67. 1 Ce
oL -0. 20. 20. 20. 2 Er0. 3 200. 6 50 n2. 0 32. 0 22. 0 22. 01
T1490492485485 Tabl e 4 Wave- 152015251530153515401545155015551368 YIAREH=2P06

| engt h Fi ber 14.66.49.311.110.411.211. 111. 211. 09. 78. 1 Fi ber

20.51. 13. 24, 6-5.05.44.34.55. 4- 5.03.4 Fi ber

3---8.216.117.618. 118. 619. 019. 018.9 Fi ber 4----11.218.819.620.120. 320. 520.5
Fi ber 5-9.417.018.319.019. 319.820.2 Fibe#l 6=----5.213.515. 616. 316. 516. 5
Tabl e 5 wavel engt h1575158015851590159516001605161016151620 Fi ber

17. 06. 16. 36. 56. 35. 75.45.45.15. 2 Fi ber 23.22.72.82.22.42.21.71.92.11.6 Fi ber
318. 818.518. 618. 618. 618. 418. 217. 816. 914. 5 Fi ber

420. 420. 320. 420. 426p1420. 320. 119. 819. 418. 5 Fi ber 520. 120. 020. 020. 020,

019. 919. 719. 519. 1T872 FiiEkp0d 6|4 iRp 11 Edarp 10 bExdmpLAd0. 215. 915. 414. 5 30
MARCH 2006 - 22 (Table 6 {9orehs|@iFadin) O@@il)ﬂFﬂ}ﬁ LTEX]Q*OISOZOOZSO

Bi,0, [42. 8 42. 8 42. 8 42. 8

Sio, 34. 2 34. 2 35. 6 35. 6

Ga,0, |17.38 14. 3 17. 8 14. 3

La,0, 1, 4 1. 4 0 .0

Al,0, 3. 6 7. 1 3. 6 7. 1

CeO, - 0. 2 0. 2 0. 2 0. 2

Er 0. 32 o 0. 65 0

n 2. 03 2. 02 2. 02 2. 01

T, 490 |49z 485 485

Table 4 ‘

" | Wave-~

length | 1520 | 1525 | 1530 | 1535 {1540 | 1545 {1550 | 1555 [ 1560 | 1565 1570

Fiber 1| 4.6 6. 4 9.3 |11.1 {10.4 y11.2 (11.1 |11.2 J1I1.0 9.7 8.1

Fiber 2| 0.5 1.1 3.2 4.6 | 5.0 | 5.4 | 4.3 4.5 5.4 |- 50 | 3.4 |

|Piber 3| - - — | 82 |16.1 [17.6 |18.1 |18.6 |19.0 |19.0 [18.9
Fiber 4/ _ - - — 1.2 |18.8 {19.6 |20.1 |20.3 |20.5 |20.5
Fiber 5| _ | _ | _ | —- | 94 |17.0 {183 |19.0 {19.3 |190.8 |20.2
Fiber 6/ _ | _ | _ | - | — |52 |135|156 163 |16.5 |16.5

Table 5
Yave-
ength| 1575 | 1580 | 1585 {1590 {1595 | 1600 {1605 | 1610 | 1615 {1620

Fiber 1 7.0 | 6.1 | 6.3 | 6.5 | 6.3 | 6.7 | 5.4 | 5.4 | 5.1 | 5.2

Fiber 2| 3.2 | 2.7 | 2.8 | 2.2 | 2.4 | 22 | 1.7 | 1.9 | 2.1 | L6

Fiber 3|18 |18.5 |18.6 |18.6 |18.6 |18.4 |18.2 |17.8 | 16.9 |14.5

Fiber 4}20.4 }20.3 }20.4 |20.4 [20.4 |[20.3 [20.1 |19.8 | 19.4 |18.5

Fiber 5201 {20.0 {20.0 {20.0 |20.0 [19.9 |19.7 |19.5 |10.1 |18.2

Fiber 6{16.4 [16.3 |[16.3 [16.5 {16.2 [16.4 {16.2 |15.9 {15.4 |14.5




fiber.--9.9-4.32. 04.76.57.88.28.69. 19. 69. 89. 8
fiber-8.8-3.60.22.03.84. 34. 85. 05. 25. 45. 45. 4 Table 7
| nt ensi t y03679100143186229272315358400 30 MARCH 2006
Fi ber-19. 0- 6. 34. 17. 211. 413. 815. 416. 617. 518. 118. 6 Fi ber
4-24.3-6.87.911. 014. 516. 517. 818. 719. 520. 020. 5

Fi ber - 24. 61. 710. 512. 715. 316. 717. 818. 719.,319. 820. 3 fi ber
61-23.2-11. 7-1. 02. 67. 410. 412. 113. 214. 214°515. 2 Table 8 Inten-
03679100143186229272315358400 sity Fi ber <0.

10. 22. 55, 213. 723a98% 6945, 655. 664. 171. 9 Fi ber . <0.

10. 26. 112. 628. B4der359. 6174, 3B8. 1101112 [Fi ber <0. m>%

11.511. 218. 633/s0#B_gen R _h1dE |1@5] 8 4F00c] ¥ |19 | 1Pp) |iBP $300 9230

510. 916. 320. 9255228 432| 8, 7pklog Pr B6dDb € 5% [Cs.@| BEr| 0566 SChadl inc ze)9c a
4.9 ol) 1, 42 ﬁ£4z. A2 74 (427744 7780 [S i DZ32. yﬁz. 34} 334. 335.
735. 7 G a ,0afiPec4318.9 —R8| 7.2 (g401 38314 7| 4881 %0 59| §¢ 5.42. 81. 41. 400
A 1203. 67. 13. Te¥le ¥3. 67. 1 Ce O 0. 20. 20. 20. 20. 20. 2 Er0. 6 500. 6

sity 0 36 79 100 143 186 1229 |272 |315 358 | 400

Fiber 3 -19.0] —6.3 41| 7.2] 11.4] 13.8] 15.4| 16.6| 17.5] 18.1] 18.6

Fiber 4 —24.3| —6.8 7.9] 11.01 14.5f 16.5| 17.8| 18.7| 19.5| 20.0| 20.5

Fiber 5 —24.6 1.7] 10.5| 12.7] 15.3] 16.7] 17.8] 18.7] 19.3] 10.8] 20.3

Fiber 6|—23.2|—11.7]| —1.0] 2.6] 7.4] 10.4] 12.1] 13.2] 14.2] 14.5] 15.2

Table 8
nten-
sity 0 36 79 100 143 186 229 272 315 358 400

Fiber3<0.1 0.2 |2.5 5.2 13.7 |24.0 [34.9 |45.6 |55.6 |64.1 71.9
Eﬂﬁ; 4

<0.110.2 {6.1 12.6 [28.3 [44.3 [59.6 |74.3 |88.11}101 112

Fiber § <o0.1 |1.5 |11.2 |18.6 [33.9 [46.8 |60.3 {74.1 |85.1]95.5 |107

Fiber § <0.1 [0.1 0.8 1.8 5.5 110.9 116.3 [20.9 {26.2]28.4 |32.8

Table 9
Examele) 7| BETRIS A RS & BRI SRR ) BRI

Bi,053142. 7 42. 7 '142. 7 42. 7 42. 7 42. 7

SiO, |32. ¢ 32. 9 34. 3 34. 3 35. 7 35. 7

Ga,0,|17. 8 14. 3 17. 8 14. 3 17. 8 14. 3

La,0,| 2.8 2. 8 1. 4 1. 4 0 0
Al,0,] 3.6 7. 1 3, 6 7.1 3. 6 7. 1
CeO, | 0. 2 0. 2 0. 2 0.2 0. 2 0. 2

ET 0. 65 0 0. 65 0 0. 65 0




30 MARCH 2006 - 23 According to the present invention, it is possible to

obtain an optical anplifying glass and an optical wavegui de having an
anplifying function, whereby a thernmal damage is less likely ?B“?gwgﬂﬁpghe

even if a 5 |aser beamhaving a high intensity is used as an excitation
|l ight, and concentration quenching is less |ikely to take place. Further,
it is possible to obtain an optical fiber having a desired anplifying
function even if the length 10 is sherf3and which can be used for EDFA
wi thout being wound into a bobbin. Further, it is also possible to obtain
an optical wavemfadinwity thaighesenveisventadhicitnéyg pessibie
amplification of a light in a wavelength region including 15 L band.
Further, it tios ciitedmpegsiditelqal cnrd vy optaeal andvagubdelpavi ng a broad
3-dB down bandwidth in the sane anplification, and it is further possible
to obtain aevestiics haatiegiale ehyinhef yaehian, 1wBeoehwm ais at | east 10
dB. 20 The entire disclosure of Japanese Patent Application No. 2001-313157
filed on Ccttdisgimalo dap@@e iifcl kgl 16pkei §9 cakorplatai ageandisamuary is
incorporated herein by reference in jts entirety. 30 _MARCH 2006 - 24 What
i s claimed il¢Ser. bRRMHRFEAIY dhpl3ghi R fressy chhpt$eengS 180 parts by
excitation light, and concentration gquenching is less
likely to take place.

Further, it is possible to obtain an optical fiber

having a desired amplifying function even if the length
10 is short and which can be used for EDFA without being
wound into a bobbin.

Further, it is also possible to obtain an optical
waveguide having a high conversion efficiency even in
amplification of a light in a wavelength region including

15 L band. Further, it is also possible to obtain an
optical waveguide having a broad 3-dB down bandwidth in
the same amplification, and it is further possible to
obtain an optical waveguide whereby the gain at 1,620 nm
is at least 10 dB.

20 The entire disclosure of Japanese Patent Application
No. 2001-313157 filed on October 10, 2001 including

specification, claims and summary is incorporated herein

by reference in its entirety.



mass of a matrix glass and fromO0.1 to 10 parts by nmass of Er doped to the

matrix glass, wherein the matrix glass conprises Bi 203, at
B2A3 and Si 2, at |east one nenber selected fromthe group cﬁ@w&ﬁ%?ﬁ

Ga203, WXB and Te®2, and La203 in such a ratio that Bi203 is from 20 to 80
nmol % B2OB+SIi Q2 is from5 to 75 mol_ %, Ga2B+WB +Te02 is fromO0.1 to 35
mol % and La203 is from0.01 to 15 il % 2. The optical amplifying glass
according to claiml1l, wherein the matrix glass consists essentially of, as
repr esent ggh-ky {@l-1%ikrsed on the fol |l owi ng oxi des: Bi 20320t 080%

B2030t 060% Si O20t 060% Ga2030t 030% W30t 030% TeO20t 030% La2030. 01t 015%

A12030t 01Q% 2 9 t The
opti cal aq )| | f%'% %tp%%%épl q %%%%%@1%%9%% qﬁy%% nt of La203
in the rrat >§59 et il %hoem'ct% |fsy| ng gl ass
according to re| tlfrllg g{fﬂ% g rtlon rom1t03
parts by Cr?ﬁ?§l|§§rs ?G@ b’ar?% 5P Pla s of r%af"PBx 88%135

one member selected from the group consisting of Gazoa

WO; and TeO,, and La;0; in such a ratio that Bi,0; is from

20 to 80 mol %, B;0;+S1i0; is from 5 to 75 mol %, Ga03+WO;

+TeO, is from 0.1 to 35 mol %, and Lay0: is from 0.01 to

15 mol %.

2. The optical amplifying glass according to claim 1,
wherein the matrix glass consists essentially of, as
represented by mol % based on the following oxides:

Bi 05 20 to 80%,
B,0O3 0 to 60%,
S1i0; 0 to 60%,
Ga,03 0 to 30%,
W05 0 to 30%,
TeO, 0 to 30%,
La,03 0.01 to 15%,
Al,0; 0 to 10%,
GeO, 0 to 30%,
Ti0, 0 to 30%,
Sno, 0 to 30%, and
CeO, 0 to 2%.
3. The optical amplifying glass according to claim 1,

wherein the content of La;0; in the matrix glass is from
0.5 to 4 mol %.

4. The optical amplifying glass according to claim 1,
wherein Er is doped in a proportion of from 1 to 3 parts
by mass per 100 parts by mass of the matrix glass.

5. The optical amplifying glass according to claim 1,
wherein Er is doped in a proportion of less than 1 part
by mass per 100 parts by mass of the matrix glass.

6. An optical waveguide comprising the optical
amplifying glass as defined in claim 1, as the core.



5. The optical amplifying glass according to claim1, wherein Er is doped
in a proportion of less than 1 part by nass per 100 parts by AGMARECH{2BES
matrix glass. 6. An optical wavegui de conprising the optical anplifying
glass as defined in claim1, as the core. 30 MARCH 2006 - 25 7. The optical
wavegui de according to claim®6, which “has a gain of at least 8 dB for a
light having a wavelength of from 1,530 nmto 1,560 nmand an intensity of
0.1 mW when the Iength of the optical maveguide is 5 cnl 8 The opti cal
wavegui de ccorﬂ%ng ? m ? of at | east
55 nm for g KRBV ﬂ%ﬁg Egﬁg CS?rflﬁav tﬁ ﬁlg vg éﬁ th region of
from 1, 530"¢ YAV feﬁnee #8h @Vﬁpgléncy of at |east
10% for a W?&ﬁ%eHQQ ng rﬁﬁvekéﬁatﬁmo ©116BBOnAN 9NdTRB SPEFPESE*Yavegui de
accordi ng 26 €} &i w6, wmﬁncﬁhehéenataapﬁ Bheaprrégat wavABULBE &S| Pght havi ng
a wavel eng®fth of 1,620 nmand an intensity of 1 mW and which has a
conver si on efficiency of at least 10%for a |ight having a wavel ength of
1600 nm 8. The optical waveguide according to claim 6, which

has a 3-dB down bandwidth of at least 55 nm for a light

having an intensity of 1 mW within a wavelength region of

from 1,530 to 1,620 nm and which has a conversion

efficiency of at least 10% for a light having a

wavelength of 1,600 nm.

9. The optical waveguide according to claim 6, which
has a gain of at least 10 dB for a light having a
wavelength of 1,620 nm and an intensity of 1 mW, and
which has a conversion efficiency of at least 10% for a
light having a wavelength of 1600 nm.



