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' () *e3ebnLb} DDE, GR~G K6LTnLZg Qur Ref.: AB-512 (F2002-112) - 1 OPTICAL
nANPLIFYING GLASS AND OPTI CAL WAVEGUI DE* The present invention relates to an
optical anmplifying glass which is suitable for anplification of a |ight

wi th a wavel ength O0to 1,630 nm 5 As an optical comunication
system capabl e of”mm m Imfdlversification of communi cation services, a
wavel engt h di vi sion eX|ng communi cati on system (WDM has, for
exanpl e, been propose o |ncrease t he transm ssion capacity by increasing
t he nunber of so wavel ength di'vi si on nul tipl.ex chanrels.

using a light in C band (wavel ength: 1, 536R¥ﬁ¥%ﬂ%60ﬂ%h$%gr Eb@g%dglzwDM
(wavelength: 1,570 to 1,620 nm as a S|gnal light, an optical fiber
anplifier is esgﬂmm’ anplifies such a signal light. As such 15 an
anplifier) EDFA WMMMMCE|Oped. EDFA is an optical fiber anplifier
wherein the core ofusi@ optical fiber is an Er-doped glass. As such an
optical fiber, an Er-doped Si Oz fiber wherein the core is SiOz glass, or an
Er-doped fluoride glass fiber wherein 20 the core is fluoride glass, my,
for exanple, be - 2 nentioned. However, EDFA enpl oying the Er-doped Si02
fiber has had a problemthat the length of the optical fiber is typically
at least 20 m and it has to be wound into a 5 bobbin in order to
accomodate it in an EDFA contai ner having a size of about 30 cm Whereas,
EDFA using an Er- doped fluoride glass fH Ber-, has had a drawback that its

gl ass tran5|t|o ehy .a t hermal damage
t for optical

anplification i nc;lrheéa%eisédS : rﬂﬁéloriqje\ﬁ% e§:eD %[ otg%etr{% 1JP- A-2001- 102661

is 10 I|ker S
di scloses a resin ass f1 aving a len cm whereby a

gain of at | 11%3}1%90%{15&% obfsined ‘é‘utl'&a%ﬁer %%Ee‘éhpﬁ‘?fi‘cé't%ﬁ' okl ght

havi ng a wavel éngth from1l.50 umto 1.59 umand an intensity of 0.001

MV Here, the lLRILA HIS H welle 1ehR@bY i terich UNBEBEESSANY 680 WhNd it into a
bobbi n. Further the core of the above resins coated glass fibex, is an

Er- doped bi snut h mxige dypc20 @hmamilarieimaniaien ebeumed bE aspkihe
conventional glass) having Er doped in a proportion of 0.6 part by mass per
100 parts by winss difvex diifsimaddi coxicde doppentetkrixngkassicas, r apr esent ed bx
nmol % Bi 203: 42.8% B203: 28.5% Si02: 14 . 3 %, G203 : 7 . 1 %, A1203
7. 1%, anwe@edGhgti) divdLion mes ifexibgyeomennicnedogasgsokmt he
conventi onal glass is one with respect to a case where the fiber length is
6 cm and t hedWiMensig.y fofr taxamgilgnalbdengproresgedote Aacrease3thet js
comonly known that the gain decreases as the intensity of the signal 1ight
i ncreases, aﬁﬁ%?%ﬂ%%?%ﬂ“EFQR§9%¥MID©G@Fr@&§1ﬁ€ttB@ sbikeRe8Eby t he

conventlonal mMéh spect to nal I| ht having an intensity 5 of
LT {PIFRAng, B

about 0. Grther, if the
?ZSYﬁﬂtE%’Q?Ld?LS LZ%S%E’P%S%SVZ‘I} 4588 O o A SR vavel cnat
not be obtainedsy ty 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, an Er-doped SiO, fiber wherein the core is

Si0, glass, or an Er-doped fluoride glass fiber wherein

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



so It is an object of the present invention to provide an optical
anplifying glass and an opticadl wavegui de, which are capable of solving the
above-nenti oned probl ens. The present invention provides an optical
anplifying glass conprising 100 parts by mass of a matrix glass and i 5 from
0.1 to 10 parts by mass of Er doped to the matrix glass, wherein the matrix
gl ass conprises Bi 203, at |east one of -B203 and Si 02, at |east one nenber
sel ected fromthe group consisting of Ga203, W3 and Te02, and La203 in
such a ratiomehatoBeg03 is from20 to 80 nol % B203+Si02 20 is from5 to 75
mol % Ga203+W3+Te02 is fromO0.1 to 35 nmol % and La203 is fromO . 01 to 15
mol % . Further, HeweyeasemDFEA@amlicadngr dtied&s -gdopept iSdak habeyuhde
conprising the above optical anplifying glass as the core. 25 Now, the
present invehedoa wrpblea dbstr thedlenoget aifl thiet APEéfateAéberolthe
preferred enbodi nents. The optical anplifying glass of the present - 4

i nvention (héV@Pﬁaﬂﬂyraﬁeﬂ@ﬁﬁédZQOmasaPﬁelélg§§ &P PRewprBgeAaRtPnenti on)
is used usually as a core of an optical wavegui de having a core/cl addi ng
structur e s@@%b&§ &NgPEESTT the PCRAVIRECERe 18a kB §Fr§9?gr€OBFaéHSFane 5
wavegui de having the sane structure. Such an optical waveguide is the
wavegui de ofhﬁﬁgnﬁréséﬁﬁeiH&eﬁngﬁ.3?h5“bptical wavegui de of the present

invention is suitable for_anplifying a |light with a wavel ength qf _ from
17530 o1 630" WFETsAT O 14 24 Cehe BF FOeP BnaL iR BUS oS0 RGE L EBRGE I
Further, it is suitable for anplifying a Light in L.band at.a, high
conver si on ehﬁﬁc%@ﬁc?.%§3¥ha§ggF%FicégﬁoﬁhﬁgSCEF?Pgagéﬁp Bﬁlpﬁtﬁgducing an
excitation light, together with Light.to be anplifie i.e. a,signal
light) into F%ElESﬁgY ?ﬁ@% agoig’e%%?f%?Yoﬁnﬁkiﬁﬁéfaé?@@%ﬁ beam having a
wavel eng of . f.r 0 0 L tre 14000 14 am,i § . HaHalk
enployed??LB&é%F??l?grr%%ﬁ??fﬁgg??gnlof%g%ﬁi%hf%iﬁ Elggﬁg, a%lggcitg¥ion
l'ight havingguevel enghh rakakrem 948rk@s380 Nmis used, and for
anplification of a light in L 20 band, an excitation |ight having a
wavel ength of 1, 40 dr@ek: 420 J¥ThieS tied JiOMIeRis, Ulrerexoiotatiooseti ght is
not limted thereto. In a case where the optical wavegui de of the present
i nvention isdiseddses anpldsfincabiagedoblaski ghbternhevhhagda2behgth béngt h of
8 cmor less, the gain for a light having a wavel ength of from 1,530 nmto
1,560 nm andcan whicerdivt p okid. dINAL leaprePedBbbwnabel ebstiBedBwihbkn t he
_ 5 _length of the optical waveguide is 5 cm |f the gain when the length
is 5 cmifs respeachharogadBiorkd abehe peoBhnemenupvadéenpshsefvégomNanel y,
when the length is 8 cmor |ess, no adequate gain may be obtained with
respect 5 tola5§i §Haltal ilgh® Haverg an incensity 6f 8- 20MNTheleRwve gain
when the length is 5 ¢m, is nore preferahly.at least 9 dB.  In a gase where
the opti cal &%ﬁbdﬁ?ﬁ%%bﬂstﬁecﬁre e%ﬁVéﬁtF&nuP§eG§§8aF¥rtﬁnﬁFP i&gtion of
alight in the lo _wavel ength reggon igﬁluding Lfb@%d,aéggquggfg§ion
efficiency ~1&° & P° ﬁnhavrﬁﬁ Shavel Bngth  of * 176007 M Ci s pref erabl y at
| east 10% If, it i .10%, e desi I y b tained. It
coaatb@tlefﬁl%]%% tf*l%%g j{ %px EQ' %lo'ia%gl 93LNL R o%.%le @g?g

is nore prefer east % re, nis represented by a percentage of

15 the ragi o qf dher3hgnals deght QUL Pl kBt @Bk E8nbBACe¥aLLaLLARS)T ght
intensity. It is nmore preferred that ~ is at |east 10% and the 3-dB down
bandwi dt h fohag il RO iana Prepoiricy odf oF m\eWohhRinbe wavel gagt h
region of from1,530 to 1,620 nm 20 is at least 55 nm particularly
preferably at)ooegsirt@0 pymmall ifels, Pikmughmexeder efper pdti-hat gtaks at | east
10% and the gain for a light having a wavel ength of 1,620 nm and an
intensity of (hamfepresaindetindly Ho>1dB, Bigoii cad &89y mpef ez abty, atideast 15

dB. 25 It is particularly preferred that ~is at least 10% the 3-dB down
bandw dt h forl4a3%,glda,0avi hgien Aognsit ¥ of addné oyt i 2% .wavel engt h
region of from1,530 to 1,620 - 6 nm is at least 55 nm and the gain

for a |light havinthe alsored -ergtthl cofedl , G20 o ariek aonvieneneriay gflaksm i s at
| east 10 dB. In an optical fiber having the glass of the present 5

i nvention as i® coree wilédr eiasafacdr trefecesd whexs aheoptibeal 1ehbeh o bHhe
present invention), the core dianeter and the cl adding dianeter are
typically freom,2ag theprintamsifiyomfl ¢het 61200 lumighsspecOi G8LymW.



|
Wien the optical fiber of the lpresent invention is 10 used for EDFA without
bei ng 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 cladding of the optical fiber
of the present invention is and the refractive index nl of the core i.e.
the glass of the present invention, wld 3satisfy the follow ng formula.
Here, nl is typically from1.8 to 2.2. 0 . 0005< (nl-n2) /nl<0. 1 Further,
it is prefer r%d itsh &OmIeE lab e ve dddithFhiss 926 ndgereRsgsglegs$heand it is
nore preferred that such a _glass consists essentially of, as represented by
mol %  f r om 23 tEIEGgYo 0 B R8s iherh 5 iht7 ANCgSeRSst, BPGR-ASIOFAN oM 0. 1 t o
30% of A1203+Gaz03,_ and from0.01 to 10% of CeOz . 25 The optical fiber of
the present GRFEERSOA SR FEYpreFared OFtGrinedamy &hepy pvepdrdiongla pref orm
having the core glass_and the cl addi ng gl ass .conbined by a well . known
ext rusi on metHEES IHdTUERARRS s (kéh 8a SHEERdr it tte NGIVASY @randitersd Woi nt Tg
of the glass of the present inventiaon is preferably at |east 360C. If Tg is
| ower than 36FC2REEN % Y ey “B’ééfﬁﬁvﬁst ORIy UFEEh oty &5 9-s "ited as an

excitation light,_t tenperature of the glass .tends to be |ocally high and
thernal |y damge&u%‘?]ﬁbyl{ﬂ?eoﬁqrbvaefnm alns%}als’r?trje%s}‘bg,edarﬁﬁ he opti cal

anplification_tends tq .be i nadequate. re preferahly, .the gl.ass transition
point is at Iagggtldéml% Parti @ﬁlthgtr X M%ﬁ]rl@f &&’ﬁlqufg“qt asrte%&fé’c. The gl ass

of e presento AN 41 SOMRT IS8R JALTX %S 00 B J fahe grount o

ass,” i's I'éss than part by mas parts by mass

of the matrix a0l N adeqats . gy n can be obtained. It is preferably

at least 0.2 part by ss. If it exceeds 10 parts by mass, vitrification

tends to;pe diffigulis & dypd0 congpntdaldon qugnahing, dheQRjikd ends to
rather decrease. It is preferably at nost 7 parts by mass) nore 20
preferably atanimegt i4ardnp IRFyTass glRdd i:61d a boRriekar aRlegtigest 3 parts
by mass. In a case where the glass of the present invention is to be used
as an opti calwHiidreradd headasig o sdippirealdhe albosimeh tigndd dieblsed .f or
EDFA w t hout being 25 wound into a bobbin or to be used for a conpact plane
wavegui de (the | eTig hotessdrypi patdnt iain nosiviBlesnart e aslechnfdri iy Er i s
preferably incorporated in an anount _ g of at least 0.5 part by nass,
nmore preferaldlass damstigig go0 dar trdy, meast iodulamarirefodests yrat | east
1.0 part by mass, per 100 parts by nmass of the matrix glass. The proportion
of Er inlPhededades 4% Ift efaertably Sascomil Bro IPDsst tt9 HMpremaedrifor e

preferably fram1l.2 to 3 parts by mgss, particularly preferably from1.5 to
3 parts by mESESHeMPRIFEFathe 6‘%]/3%'3% g&fastshé:qlfﬁ’trﬁ%sgl%g?' 13- al 2% where

the gl ass of the nt_invention is to be used for anplification of a
light in a i g‘%@f ha?§g§b¢|2 iR 3’&3&} P T e isrs&ieﬁ&gfcﬁ F&fed
preferably i t at, .l t 1 . part-b nd ss_than 1 part
by mass, per ”cfg% 92{% qbogisr%g%tsm?%t%g;aﬁgg’r ivg(o3g|¥:151§'3;§5ﬁo?,i ghrgfo%z&r gfner ably
at 1east 0.2 pant PYJESS cpal Hiosl AL Ve RLRT A5 A0l Yo @lnd PRS1a B, 2spBL { DY
mass, i5 and It 1s nore pre eraﬁy at nost 0.9 part by mass,” particularly
preferabby at; JOstod.8 RArL5 By MRS Ba, DOMwo ARG 0IROSEEIOD , @f thhesmatri x
glass in the glass of the present invention will be described, wherein nol%
w1 be represad edrsd MW, bysY%rae B @03cdsiamessential conponent. If its
content is less than 20% the wavelength width O ?~ wherein the gain is

obt ai nabl e, tendsrumtiber snethé .prtdsercontrerdnt isorprferiaidsy at dpasial30% nore
preferably at |east 35% particularly preferably at |least 40% If the
content 25 excaesilBYqcondriSimatiten aenvds dos ie ldishfoldfiviing glass
devitrification tends to take place during processing into a fiber, or Tg
tends to be taxo Hlmwv.coitee. content is - 9 preferably at nost 70% nore
preferably at nost 60% particularly preferably at nost 50% Here,
devitrifi2zéati on iNownetiwhepeeperipitentiom of ikl v aesdxibashdirkabl e and
one whereby fiber breakage is likely to 5 take place during processing into
a fiber, or fddferibmidageefiardrndelto ttda akefsrass dmbodgmemesuse as an
optical fiber. B203 and Si2 are network fornmers, and at |east one of them
must be cont ai nedThe epde¢at camakl fying glass orhdthiomrsEsgitass by
suppressing precipitation of crystals during the production of the gl ass.

If their total content Bz03+Si02 is less than 5% vitrification tends to be
difficult, or devitrification takes place during processing into a fiber.
The total content is z5 nore preferably at |east 10% nore preferably at

| east 15% particularly preferably at |east 19% nost preferably at |east
25% 1f it exceeds 75% the gain tends to decrease. It is nore preferably at
nost 60% still nore preferably at nost 55% particularly 20 preferably at

g, g, Y o, . " NN PN PN



The content of Si02 is preferably at nost 60% nore - 10 preferably at
nmost 50% particularly preferably at nost 45% nost preferably at nost 40%
When Si02 is incorporated, its content is preferably at |east 1% nore
preferably at |east 10% particularly preferably at least 5 19% nost
preferably at |east 25% Ga203, W3 and TeQz are conponents which increase
At | east one nmenber fromthese three conporments nust be incorporated. |f
their total content, GazQ3+W)3+Te02 is |ess than 0.1% 0 ~ tends to be
smal | . The tdtdlendgitfenthersinaffeg erfifnrest 1east Uw e mlefdi®abl y at

| east 5% particularly preferably at |least 10% and if it exceeds 35% the
gai n tends t@rﬁéqr&/\/lr}‘{eqtsloﬁ’r)eflegr e é’cs‘%‘?ds]ty YR FOEE Brefér ably at nost
25% When it is deS|red to | crease D ~,, i.s preferred 15 to incorporate
Gaz03. The cOMTEMElofa¥eEyd 4% Hvefgr aaoI%Prﬁ/ lﬁ’@'%s%lrcéll&reeféﬁllé’&y at
nost 20% When Ga2Q3 is or ated, its content is pref erably at | east
1% nore prefér &bl%-at° Iéé%ﬁ g’%‘”ﬁ’z%t GR&LISEMS) S 5 Praf B 10% 20
The content of W3 referabl at _nost_ 30% nore ferably, at _nost 20%
parti cul af | y "BrERTAR Pt b e AT Y35 | AC6RpBRabBULCPLs cont ent

i s preferabl at Ie A 1%, .nor. e ref abI Ieaeste % The .content of Te02
is preferabl §0°% 1'fﬁ)real erabqfil—ﬂ}e & Srodt 216% SR Te02 i s

i ncor por at ed, sﬂfé)z%@ céls P& n%qqgjfé)éy ttﬂee % ect \Ferﬂf eferlegbl y at

| east 3% - |s esse has

concentratio l{%ﬂg O 1ty e t ease
the gain. If rélﬂ ess ﬁaﬁ%lol () Suc Eb}?ﬁ B‘thgf1 taen get C)Iflo flrr}’t(}[{i S
preferably atl '5%%?%05 0-e5% of, idar®iceB03-14,% l‘ﬁ'gtlrf’df C%t R d g_br}ﬁd $ to be

difficult, or the optical” loss tends to I ncrease. I's prefer y at nost
1299 nor gopr eftRyAblNer@it DS Ful@Her] Nid Qéséuwﬁbﬁet E%r%ﬁﬁh@&z{q@eapr esent
invention is to be used for an optical fiber to be used for A 1o wi t hout
bei ng wound iitghta ibohbivandratd & b gis etbriveyr A GOEFRGIc iRinae wavegui de to
be used for EDFA, the anobunt of Er incorporated to the matrix gl ass tends
to be typically higthadmel 1Evedtiodn aifs |eastidd part My iressgdwnichg ramor der to
suppress concentration quenching due to Er, 15 La203 is preferably at | east
1% nore prefesraifiat xn |ldastt 2%gdther odgd wherighthe oglles smgfl itfliedpr esent
invention is to be used for arrpllflcatlon of alight in a wavel ength region
i ncl udi ng L bing- laaz0i@nal prighdyapintedhe siame 5 #6 8% h| ansuch a case,
the length of the optical, fiber or the plane waveguide is long (typically
at | east 180 cﬁ'?iClteﬁffdlql? %%gf&c@edé%@)e ke dwsiimey aomaiv n@ﬁ% orﬁycati on

tends to be rdlyotal bl e due t an optJ cal i,S no referably
bt oSt 3% 98Pt bS] prerE G dh ASer s BATY B b’rsé"?&ﬂT

[ i on, h f bl . | d
the . 1b tfiﬂrffrﬁao 4 8&% 33T, 365 ép‘i? 365 afo%0m Siebse 18 b2 o o

60% 5 Ga203 2%&1{ £ 3,0 egQClééﬂ&%d& Q_;OJ% 4 P30% ﬁ@%}%&lkﬁ Jf%&“

t010% lo GeO t030% T 020 t 0309 20 t030 0to 2%

above pref erred 95 rxX K aid CURPERM San{lpilcaf_tlfteartltd?ﬁ%ﬁ' Z%gh@% LS' 02,
Ga203, W3, Te02 and La203 as described in the foregoing, Wl

descri bedy AR | sadxessatdallight HByihe 4 R\%Qfe(l@r@tt?ﬂd@ 1t, qﬂoo%o to
facilitate formation of the gl ass by suppressing precipitation of crystals
during the priep@tnn Hfudde. 2aogkass., kthe exeicaedsnl¥ghthesopbical
anplification factor nay decrease. It is nore preferably at nost 9% still
nore preferaldliyniatedrogdieBo particularly preferably at nost 7% nost
preferably at nost 5% Wen A1203 is incorporated, its content is
preferably at | eabt #.d96e 2Bhemes etlpr efpraddl wivemasie 194 Pur thmadent y
preferably at least 2% In order to facilitate formati on of the glass by
invention is used for amplification of a light in C band

25 in 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



- 13 suppressing precipitation of crystals during the preparation of the
glass, it is preferred to incorporate at |east one of Al1203 and GaZ03, and
their total content A1203+Ga203 is preferably at nost 30% If the total 5
content exceeds 30% vitrification tends to be difficult, or Tg tends to be
lI'ow. More preferably, it is at nmobst 25% Further, A1203+Ga203 1S preferably
at least 3% nore preferably at |east 8%5 particularly preferably at | east
12% 1o Ge02 is not essential, but may be incorporated up to 30% as it has
an effect to ¥engih toft &£orqrition ofevamligleass & c@n effe&het gaihcrease the
refractive index. If it exceeds 30% the glass tends to crystallize. It is
preferably atwhfssttREOokenedie i of §fablif dieSfosthasnd Ween t% @YY s
incorporated, its content is preferably at |least 0.1% nore preferably at

| east 1% Ce@®Xakslefpimass et iR SPedrayNBBelcolpBPatb8 4pnEEh20st 8
prevent Bi z03 from_precipitating in the formof netal, bismuth in the nolten
gl ass and t h&TeIRF |1 P BE9RE 1S S mEic Peohtife "ficass th frespesiceeds

2% coloration of the glass with a yell ow col or, or orange col or tends to
be subst afti &° é\/\ﬁe\%ﬁt R fifshita &t & ERds o C&g@r-éa - | thes

preferably at _nost 1% re preferably at st 0..5% Wen QZ i

i ncor por at ed, >93¢ ﬁjtfb%'éerﬂ Ghe eéjfge%& rg;tcm'e&ﬁ R i fﬁ"%b[iyi &t
desired to i riceraesats%t transparency, it is preferred that no Ce02 is

i ncor por at ed. -~ I4 “Each of Ti02 and SnCz is not essential, but each may
be incorporated wthin nae f 30% .in. order t ress
devitrification ulI% rér‘]gcﬁéé%f)r océé)sts}lyéh)géﬁlkn]t%a@a &%eei&%ac(ﬁf cs:%%foépn esiesntm)r e
preferably at-]{{%ﬁf 10%. r mtr i % g8 in qt; pr. i nvention
consi sts esselnti aﬁlﬁofl%%eg{)gfg cfg%clrl led clgjlr?’po%%er?t jsl,l@%_t}t 1?1?%21%
conponent g May. ke NG PUALSH Midhid Ry TAREE 10t Hed dJMRAILs il pur pose of

the present invention. The total content of such "other conponents” is
bref erably atedf dmsic 00 69" sexaghken-WiQy CAQayS1AndBa00 NG00 3M,
Zr02, ZnQ, CdO, 1nz03,” PbO etc., nay be inCorporated to suppress
devitrificatiin ghaidaailie g dcessd Ny .nt afaiti ber 1eest enhbacibkt atke
vitrification, and Yb203 may be incorporated to suppress devitrification or
concentr at i ordddi mperphimguayurdtheérg aitenindiz.03Itsisnnorpopatédyrably
content is preferably at nost 5% Wth respect to the nethod for producing
the gl ass of athelersEserii% i nfemei, om, isherepriesandgiattyl eulper geedtegiectafon. For
exanmple, it may be produced by a 20 nelting nmethod wherein the starting

mat er i al §5ar e eyt hd-he & Putl IHo A TgRItd IEYRs I, tén Wieuni na
crucible, a SiQz crucible qor an iridiumcrucible and nelted at a
tenperature dIXF¥iGHhgb YIENE JOVEIH R +, and the obtained nmelt is cast

into a prescribed_pold. 25 Oherw se, it may be produced by a nethod other
than the nelting HethddPOsuUd eﬁr%%ltlb%tr %EH;IO tofeﬁsbaégﬁhagﬁévﬁ%%r

deposition hod. - . To & [t nj.x .ql ' .a.C sition
as shown by”%tol oidno"{rheg%c%\ve@sgg\{gr %roam%d'z{:g% k{%l%%% gw&qﬁ%égyl%{%qs, Er
was added in y 1 sg}ga% Vi i t I per 100
parts by nassn%%w%ﬁnaéf)wasﬁeg]l ass, %e(?%tadlilﬂe%g ésf??%dsﬂoogttgqﬁé &/agﬁ\ﬁel t ed
at 1, 200Goby fs repd 11 ks #TBS 104, |§h:@<iaétpl|£r1}/ E;%@E@:'a&gl)y FXaRl® %0 nm.

(cl addi ng), Exanple 3 (cladding), Exanple cl addi ng), Exanple 5
(cladding) and Bxgrphér6 (€l addhpge. pPerErr¥@stigri pearPatethstExampl e 1
(core)) Exanple 3 (core), Exanple 4 ](Dcore) and Exanple 5 (core) are

Exanpl es of tded gites sgaoin ther o eyt iHmreig en . waidlemgnsses ,a82® nm
Conparative Exanples. Wth respect to these glasses, the refractive index
15 n at a wavet@rgt hiroferls 55 unfi viasniireaisurasd Imasn 16 |dHs gratteiculand vt he
glass transition point Tg (unit: C was nmeasured by a differential thermnal
anal ysis (DTA)refldtmmblbsudt sleast stiowiB4i n t he Tables. An optical fiber 1
having a core dianmeter of 4 um a 20 cladding dianeter of 124 um and a

| engt h of255 cm wast piepasaedi ¢ubar Exappéedrédorlegt andiExanpleadt (t0addi ng)
by drawi ng a preform which was prepared by a wel |l -known extrusion mnethod.

Li kewi se, an opeiTalBfdder Dandwidigh of ore Mdidnethevisiy Arumntengidddi ng

di aneter of 124 umand 25 a length of 5 cm was prepared from Exanple 2
(core) and Exahpl en® witladeli sgyavekengith ceaofobert Fruaavilng @ dor & .diZdhet er
of 4.5 um a cladding dianeter of 125 umand a - 16 Ilength of 98 cm was
prepared from Exanple 3 (core) and Exanple 3 (cladding); an optical fiber 4
having a core diameter of 4.9 um a cladding dianeter of 125 ~mand a

| ength of 254 cm was prepared from Exanple 4 (core) and 5 Exanple 4
(cladding); an optical fiber 5 having a core dianeter of 4.7 um a cladding
di anmeter of 125 umand a |l ength of 253 cm was prepared from Exanple 5
(core) and Exanple 5 (cladding); and an optical fiber 6 having a core

e e A ~N—- Y o Y A A o



- 17 optical fiber and the output intensity lout fromthe optical fiber,
and the neasurenent error is within 0.5 dB. Gl ~Xlog ( lo,st-lin~1lin) 5
Frorn Tables 4 and 5, it is evident that the 3-dB down bandwi dth for a
light having an intensity of 1 mWis 75 nm 75 nmor nore, 70 nmor nore,
and 70 nmor nore with the optical fibers 3, 4, 5 and 6, respectively.
Further, G (unit: dB) was neasured by int&oducing a 10 | aser beam (an
excitation light) having a wavel ength of 980 nmand an intensity (unit: nmy
as identifiedmin T Beagd 2 signand igm qain dmi tay gl Neaving aa
wavel ength of 1,560 nm to the optical _fibers 1 and 2. Fromthe results of
t he measur emefse ki i f Thit 40 61m jand s SindgTEHEHtY tHatl WiWh dsheéttopti cal
fiber 1 having a length of 5 cm G of at |east 8 dB can be obtai ned when
the excitati offasight0idRensity is at |east 120 MW Further, G (unit: dB)
and lout (unit: mA were neasured by introducing a | aser beam (an
excitation 20 |ight)2Ra9PhiCal vavePEnNgiied UhaAsHlass il e iPKeRtEy
(unit: mAN as identjfied in Table 7 or, 8 and a signal_light (intensity=1
mA having a WRXREMHeHR PDF2 15600 MRTT T aHE Pt AT S &t €3 a 6. The
results of the nEasuLﬁ][nDent onS is shown in Table 7, and the results of 25
the measur enetRt472} %r e°sh RYESEIHT 8 SR Tali ¥ £°5% s evi dent

t hat the above- nentioned.r~ be .at least 10%_ w.th the optical fiber 3
when o 160 AT (T G OO AT §Y A7 et EIAT S eh ¢ he
optical fiber_4 t xgltaty i i Nt ensi [.S: .at,.] east 100 nW and
with the opti%%lw;%%[é’r h%,’g Itac?]ﬁtjhé;@eéx%?%ﬁa(%i on Pﬁség%ﬁ/edlijt\genl ity is at |east
79 MW On the 5 d i t ti [ S5 A&, S0P ive
Exanpl e, even i fo@ﬁgﬁe%?t%}#\%%g}i gﬁ?gfnét)gﬁ@?%ﬁés%b% lrﬁxa/\\ll r~ c%s 8.2% i.e.
less than 10%.&yr{heraptd) JABASSE e ih@Nfbitha tE Sasehane the intensity
is O MV represents a case where only the 1o signal |ight was introduced

wi thout introduchng thetaserawepmc Thesom igrl ddRepdeds it all e for the
abovenenti oned case wherein it is used for an optical fiber to be used for
EDFA Wi t hout ded 106 VerNdod it Dcel DEDPI g SFfetdb1hp dthencrove-dient i oned case
where it is used for a conpact plane waveguide to be used for EDFA. The
optical fibers 3,I4 hadpbeficersdi thabt etherraf casei whetreddshay, arfe theed f or
anplification of a light in a wavelength region including L band. 20
Further, the ¢kddinn bt veeronhecabntidmr off LEROPmaaentthe romritcan | oss,
was exam ned as_follows. Nanely, in the sane manner as descri bed above,

gl asses Were Preépared ehramtEre t Hedeaans ofontencost 4.8 -mbhes pRaBgakpl e 3

(core) and Exanple 3 (cladding), was reduced to 25 2.8 nmol % as in Exanple 7
(core) and ExaEiplRroS¢R atiiyrgiioR o il mrth ey i theadmptarigq dawyuls

Exanpl e 8 (claddin ar to Q 1.% in anpl (core) and - 19

Exanpl e 9 (c|1§%|6?n§%‘1. Fh & YT ﬁoﬁ ézE)éWo'rr? '(lin reased to set off the
reduction of the La ntent., I n,Table 9, the glass conpositions of
Exanple 7 (core) ogﬁag?b%ﬁg(alé%d?ng) are shown in the sanme manner as in

Tables 1 to 5 3. sa e i I ' . obtd cal
fiber 7 was prepairrgﬁt:?%éh] gagn%{ﬁféffi%%‘g)tgﬁ% @%n%#%%? %C?%ﬁg%sc an
optical fibern@iuess pseppsed 4o Exanple:& (U A EAMh&1B o
(cladding), and an 10 optical fiber 9 was prepared from Exanple 9 (core)
and Exanpl e %igsaddbhngistdhesopht £al 1y assesadirddieitiLRinf ikgres 3, 7, 8
and 9 with respect to a light having a wavel ength of 1,310 nm were

measur ed by af€sth DEcko MEdhosiE amiboser erbaupdtbo7besdd 2f IgBLmiol, 4 dB/m
0.7 dB/mand 0.7 dB/m respectively. Nanely, if the La203 content exceeds 4
nols, the optirah Oobkstos3ets dLasi,(R+dBiTy, amd tfhremopt.i0dalol a9 pdy not be
negligible with a long optical fiber. Here, in order to avoid absorption by
Er, the lightCé&dyi ng the above 20 nmentioned wavel ength was used for the
measur enent of the optical |oss. - 20 Table 1 Exanple 1Exanple 1 c

add' nExampl e 2Exafipkec@titatldf ib8r z084Rhe 7TdPes&AR . 118ver2t i @BinGr8 e 435. 635.
635. 6Ga 20~1 7. 814. 31 7. 81 4. 3L a 2034. 3000A 1 z033. 67. 13. 67.
1CeQz0. 20. 20rep@re@Erfor 22CAMPPFONYy Wraarida mr<Xorm HERS08A 83400485
Tab~.e 2 Exanple 3 (corekExanp |le 3 claddiri )Exanple 4 coneExanple 4
(cl'addirig) Bére0stags qmd2thgicledding glress apdinedi Iyl .a 481L- 43 1. 4G
a z091 7. 81 4. 31 7. 81 4. 3L a z034. 34. 34. 34. 3A 1 z033. 67. 13. 67.
1CeOz0. 20. 20. 20. 2Er0. 6500. 320n2. 052. 042. 052. 04T505508505508 -
21 Table 3 Exanple 5 (core)Exanple 5 (cl addi ng) Exanple 6



(core)Examp le 6 (claddi ng)Bi z0342. 842. 842. 842. 8Si~234. 234. 235. 635.
6G a 2091 7. 81 4. 31 7. 81 4. 3L a z091. 41 . 400A 1 z033. 67. 13. 67.
1CeQz0. 20. 20. 20. 2Er0. 3200. 650n2. 032. 022. 022. OLTt 490492485485
Table 4 Wave- |Pn th 1520 1525 1530 1535 1540 1545 1550 1555 1560 1565
1570Fi ber 14.66.49.311. 110.411.211.111.211. 09. 78. 1Fi ber 20, 51. 13. 24,

6-5. 05.44. 34. 55. 45. 03. 4Fiber 3---8.7246. 117. 618. 118. 619. 0109.

018, 9Fiber 4 ---11.218.819.620.120.320,520.5Fi ber 5 -9, 417. 01S. 319.
019. 319. 820 ESftipision gueniod,) mrm) @ ) 6 U i Fp|IRE &form.

| enet h1575158015851590159516001605161016151620Fi ber

17. 06. 16. 36. 56. 35778 45298 4ransi pben 2800t 75 ¢f Fheygless;pigEhel . 6Fi ber
3lg, g18. 518. 618. 618, 618. 418. 217. 816. 914. 5Fiber 420.420. 320. 420.
420. 420. 32(ragent BIVenI N 555 fere BRmbly @t oEnstA%0°620. 118y %10,

719. 519. 118. 2Fiber 616. 416. 316. 316. 516, 216, 416, 215. 915. 414, 5

- 22 Table 6-9%WRentrr 0 49 60 WHE™M G0 lff@rlma@swlf@oaz@egbserl[.t)érlﬂgy 0- 4.
32. 04. 76, 57. 88..28 69. 10. 69, 89 -3. 60. 2 . 84. 34.
85. 0 |5. 225 1951Se% a% FLHPEC Tt Jslﬁﬁﬂ't ot}s% tﬁ“pﬁfoatl% @ 272 315

358 400f i ber . 4 17 1.4 41 51 1 6Fi ber 4-24,
3-6. 87. 911.9 %(ﬁ%s 5t_|_G/ b%% a;%qu"s qj'ég]therma%.ly ]aBamageAJ

ib filhe
623 511 7. J%ezr%%yﬂ{%g’ﬁ T B8 T RS AE e e 0 56 7o
100 143

amplification tends to be inadeguate. 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



186 229 272 315 358 400Fi ber<0. 10. 22: 55. 213. 724. 034. 945. 655. 664.
171, 9Fiber< 0, 10. 26. 112. 628. 344. 359. 674. 388. 1101112Fi ber< 0. 11.
511. 218. 633. 946, 860. 3T4. 185. 195. 5107Fi ber< 0. 10. 10. 81. 85. 610.
916. 320. 926. 228. 432. 8 Table 9 E~cn~re) 7cXa~di nE~c~or e~ 8~| a~dd~
8) c~re) 9ox' | addi ng) Bi z0942. 742. 742. 742. 742. 742. 7Si 032. 932. 934. 334. 335, 735.
7G a z091 7,81 4.31 7.81 4. 31 7. 81 4. 3L"az0z2.82.81.41.400A 1
z093.67.13.67..13..6 Qf 20 20. 20. 2Er0 .o

n |nvéh

5
Accor ding t o thé& Soreds e S5y |5néjsrsﬁ %%5‘5‘ P/ala% gr?a(%tl cal

anplifying gI a%slp%nq: ale?r%t |S|c2!§avly%v%gjl |a(%%8/h% Ng.an . Szmélt Bé,a q fura)ctl on,

wher eby a therma I'S s 11 Yyt plrace even a’s | aser

beam having .1i9h| BLansi G 9 dised A% 89 el 9l %@aeF&n%*a&l A ass

concentration quenchingi's “"éss 1 y t0-t pl ace urther

ossi ble to obtai r d I f ct on
gvenI if the | eng!tqﬂq%g)xooggg errI a(%g Ev%ﬁ%’flr%glaeﬁseg:csaug’segsd ﬁ&? ﬂlfl%%}%b utI bei ng
O o o2 MR e W o iy bl S QRS el 8aLpaOIA, A7 0L 67
wavegui de having a hlgh onversron efficiency even in~anpli |cat|on of a

light in a wayglenghh e 0@: Ialudizng 2 %ﬂef@%‘%@rl yrthen, s kJ § al so

possible to obtain an optical wavegui dé having a oad 3-dB down bandw dth
in the sane tisf IRALIQR, o ol Hairtist BEr rRRESiIdH @ o n@ktakn ;AR septi cal
wavegui de whggeﬂby tkﬁg gai n 2{&1 620§Jnm i slﬂg{ | east 10 dB. 20 Th(eﬁentl re

di scl osure of Japanese£¥ efHerPAHC il NE 2R01r363tR7 ifdveed iom Oct ober
10, 2001 including specification, clains and summary i s incorporated herein
by reference iish dd oecnidd®etfpr ampld4icGltAlMSofla Adgbpt iigala anmpl i fyi ng

gl ass conprising 100 parts by mass of a matrix glass and from0.1 to 10
parts byioaswasfellEmgtdpecdaion Healaidhing ¢l assd, Wwier disn ihke rpatraitedgl ass 5
conprises Bi z03, at |east one of B203 and Si Oz, at |east one nenber

sel ect ed fromudfergidyp icorsi strioug tofofGa203 2483 0add pBe®2 byamdskaz®8 i n
such a ratio that Bi203 is from20 to 80 nol % B203+Si02 is from5 to 75
ol % Ga203+WESeTad@n ¢ Megrh Y1 rees35 0831 §0Oan@ rita26y e skr o the0. 01 to
15 nol % 2. The optical anplifying glass according to Claiml, wherein the
matri x gl ass I‘f@&ﬁ@P‘st‘—’s-Lae"”sSsenFFaFLIsymB%-"e E?F%ﬁ?@%@n?%dlﬁﬁsﬁop% badsH BY t he

foll ow ng oxides: Bizo3 2 80% o] 6 % 60% Ga203 0
to 30 0/?, WIS 1t $2FFAC “%1@63‘ f%é@%% %é Q E?af %EOYAE%% ‘0 to 10

%, CGelz %, Ti0Z2 Q to 30% 09 50e020t02% 3.
TPeLogglgcgl anp%%o tyllﬁ‘:’g mg as acce(;:r‘—jlgJrzl % s 6Qf !méénraflsh_r}]he c;)ntelnt
of La in fl 13 c&m ).g5 B 0 e optica
anplifying gltpté%lss accor c}g’) 3 N ab i % °5 \Mﬁ)ergl nglér IS doped in a

proportion of fram, the Méo%lt%yld@%sf p&{e Jf&&rl%e! (A4 Mess R the matrix
glass. 5 5. The optical anplifying glass according to Claim1, 2 or 3,

wherein Er i g1deRedd R PRt ahvehdiess wihanpk pRikrhpetBs shpek 1500
parts by mass of the matrix glass. 6. An optical waveguide conprising the

optical anpl nfolingridliasse aspdeldenedd miaplyols &f. Clainms 1 to 5, Zo as the
core. 7. The optical wavegui de according to Caim6, which has a gain of at
| east 8 dB for a Bight ibaanngssemavel engtiponént r omfl,if530 comtemtl, i%60 nm and
an intensity of 0.1 nW when the length of the optical waveguide is 5 15 cm
. 8. The optilesls wheeglitdde ddeomdivied engt@l aildtd®, Ahi ehehlred na tBedBadown
bandwi dt h of at |east 55 nmfor a |ight

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



having an intensity of 1 mMWwi thin a wavel ength region of from1,530 to

1,620 nm and whi ch has a conversion 20 efficiency of at least 10%for a

| i ght having a wavel ength of 1600 nm 9. The optical wavegui de according to

Claim6, which has a gain of at |least 10 dB for a light having a wavel ength

of 1,620 nmand an intensity of 1 nW and 25 which has a conversion

efficiency of at least 10%for a light -hédving a wavel ength of 1,600 nm

CALDA &2 AAA AU AAG LA A LA CAS. A AL AS. A& ASU A . A .ASUAh A &.A9].A3

i A9 . AL. A' preferably at most 70%, more preferably at most 60%,

&MNUYBF T#WWE<Cg} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] cﬁeﬁlttaﬂ%&]%fa%ké]kﬁa’%%reﬁ}]%@ dajeefc Tl %al gege?z[u>q T

6n&\ } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca] ca]ca

] ca] ca] ca] Ca]%iktaqh%ﬂ‘%%qjﬁ] ceg (%]%érynere precipitation of crystals is

JLt uOU34hi yz| } xsni_d_Z] ca] ca] ca] ca] ca].ca] cal] ca].ca] ca] ca]ca]ca] ca] ca]ca]ca]ca
ey liKely to

] ca] ca] ca] ca] @] ARG ) dda PrARegs o

T earcape s heated st alealoohenly el o Al ool s oo ool cal o
!t!!!II$IIYIIIIIIIIIIIIIIII#%I?. .' Z

1 el o ol capemie bt sl sheale A et enta sl e el e el
/Q /" //kOI 005181\WB"3 4%44448555556}xsni d_Z] ca]ca] ca]ca]ca]ca]ca] ca]ca]ca]c
a] ca] ca] ca] caC]%]]'al]%%] cé] H]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 6: 65666

6&7\ 777+8e8888: : | LS<>H>H>AZY>>2377 j o a C al calca] calc
a)J ca] ca] ca] ca] ca] %%jj%gflca?ééf c%f%a’?%ép%%(a]fgg ca%lg%’} cag %a’%%a ec%}%ac}rg%} ca} AB]BB

B&CCCDDDEE#FQERR ' : ' ] -C
] ca] ca] ca] ca](ggﬂaq]éc}g{ngai cai (%ycéaci{t;i cai ca%%‘%i‘}%g%%ﬁ% gg} gg} gg} gg]! Eﬁ
L MOOPPP) %Q%&EWPM%W\%W ressing precipitation of

\H K] } xsni d_YV] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]jca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca] calead L1d c@lepls alkawalaai tldd of abhe hFhEhichielihd ] ] | kI 1 cn
j nrnnn=ozupkf a[ V] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca]ca]ca]c”a]ca]c
a] &LCAa] ca] caj ] cadeedon]Balesloa] ba] kad < al o ampp paitatioRicks] isgssss, t _ttt
tu uuuuuv;

vzupkf a\ W] calexd<d]cdj<alichi calta] ca cddwia]wia icad teiadre edad<c ajlzajeca] ca] ca] ¢
a] ca] cal] ca] cal] ca] cal] ca] ca] ca% cajcal;

VHVI vvvv- wawdwinsy lizerdsg 4 inx| 1 @ld ~Oilper-d} Thei doZpfckeoakealkcapca]l ca] ca] ¢
aJ calta] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalc
a]cal; 15 more preferably at least 10%, more preferably at least

b- wvawwwwsxyLzzz{y{{{]| x at } ~9~A-~d} xsni d_Z]]c] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]%ﬁcaﬁ%‘%ﬁ%%i&@éﬁ%%ﬁ%aﬁ%a}}%% ¥ é%J]scra] ca]ca]calca
&UF H*, 10% & () -10%.& ()-y10% & ()= %.& ()-M .10%& () .

aé(%z{m n & ()éo%)/e_l_%%}gaéagjfE _%)%yﬂ_ eRa__%; 250/%‘: | %[(% 1? Qx;:eelds {dQSC%,(y)thle ga;no% . oy
Tt 1006 () St (FEHURE (@ LONE B ELON O oo Oy, oM & (
) - 3456<G i K7t 1094 &' ()= 10%R. £ )= Z1PYE. ). o :

10% () - f &10%& J(@l“é‘%ﬁ%%%%%ro%%/%é 5o k- B 00 () - s109& () -
109& () - 250%& % (At MDYEILY - 3b Tt oK K ARVE I 1006 () - "

109 () - 2%100«8?(%?? 100& () - 100& ()-&10%&5'1:(ﬁ =4 \ Sl 0f \

6n&} N ?- Kf &F10%d 109e (¢ohd8H& 6F - BINYE's( breferdB% bt MbsE( 538%E&nbYe! f F(" 10
% ;& ()-& b@&F10% N'10% ()-y10% & ()- 10 10 10s9109& ()- 7109&' ()-s5
109 () - preferably at most 45%, particular preferably at most 30%.
H>WU3b@ Sf s$! 109%& () - ! Ss$! 109& ()-!\s$! 109%& ()-!"10%z& ()-!1"10%F& ()-!S"
109 () - LMNOUnt PO 58! iiDaie | 1¢ 74 4 0965 44 -1 d Amii6ve (He 10968 () - 10 10
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) - 1aZ" 10900&: £9s i SEAOEDY ) e niiSat s &9 -grl0vr & 19 -g0%® ()s 10 10

10! ~* $Z"10%&' ()-! $2"10%z& ()- nP\ dEr S4! 10@ 10% & ()-10% & () - 10%& () - Z10%
z& ()- 10% & ¥he B0 Ry (3d MisiEedatd 0@ &l 0%t (30%.$10% &qye " 10% & () - 9S
10% & () - 3MLO% & ()-S10%& ()-i OdEr S4! 10110% &' () -/ Z10%&' () -

-10% & () - +" 108eRexably 10% &40p- 364100080 0YakébCl 1810% & () - 10z 10z

10z 910%¢& ()-1710%& ()-5! 10%& ()-3910%& () -

AvdEnDbC! 1" 10% & (TheooeBt¢pt @f S10; is preferably at most 60%, more

10% & ()-10%& ()-:10%& ()-mo%& ()-C{dEnbC! 110% & () - &10% & () - FnL0% & (
)-@10%& ()-s10%& ()-10%& ()- M ! dEnbC! 1SF(10%& ()-f&L0%& ()-$T
1092& ()-" "10%& ()- :10%& ()- SF10%& ()-!;

It!111"$" dEnbC! 13210%& ()-110%& ()-/10%& ()--10%& () -,
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%8 ()- SF" 10% I\ TF" 10%~& ()-!N. F" 10% Il F" 109%&' () - 012
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LOF{ F{! s$" 109( F{ & ( Ias$ 109&' ()-1\s$"109%& ()-! Ss$"10% ] & () - WB~39474444d
EMLL109%& () - 14 gtz R PLLOV@ Y FOSFOAR ) - Wh?écyﬁl@a ¥8555556: 6dEML

109 () - MLOY& ( 310%& ((% 10%&6(&%‘ s3! 10%@9 %Oaﬁf S666647\ 7dEMLs +
1098 () - * 109& X RCIGHE & Vi 5% Gray f+8é§>§§88dE /
10 10" 910%& () - Y710Y sf5 10% 37100 109&’ 0% (),-8889¢: :

- oMt/ | pF” 10ng (e)fqlfaé’%fﬁé‘ Asast %’0}%%9% ]1(%51 fé‘g a(b;t 2t

"109&' <==>>>>}[ M21 0
10! f p- f&? 16%& %”t “gsfo §<f(e} tlaﬂ?%‘ 2‘3 23%"10%2&' ()-1\ pF" 10981& () - >#>5>

d>y>}>>12?MP1p 10 %& O/ 109& ()-!8 . .
1031/&}()}| 10% |p& ( )ée){) f‘%@ﬁEﬁBf onnents which increase A 4.
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such effects tend to be small. It is preferably at least
5 0.1%. If it exceeds 15%, vitrification tends to be
difficult, 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 quenching due to Er,
15 Laz03 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, LayO; 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 congists essentially of, based on the
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following oxides:

Bi,0; 20 to 80%,
B,03 0 to 60%,
Si0; 0 to 60%,

5 Ga03 0 to 30%,
WO3 0 to 30%,
TeOs 0 to 30%,
Laj0s 0.01 to 15%,
Al,0s 0 to 10%,

10 GeO; 0 to 30%,
Ti0, 0 to 30%,
Sn0s 0 to 30%, and
Ce0; 0 to 2%.

0f the above preferred matrix glass, components
15 other than Bi;0;, By03, 8i0;, Gay0;, W03, TeO; and Lay03; as
described in the foregoing, will be described.
Al,03 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
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or Ty tends to be low. More preferably, it is at most
25%. Further, Al,;0;+Gaz0; 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 Ge0; is incorporated, its content is preferably at least
0.1%, more preferably at least 1%.
Ce0,; 1s not essential, but may be incorporated up to
2% to prevent Biz0; 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 is preferably at most 1%, more
preferably at most 0.5%. When CeO, is incorporated, its
25 content 1s preferably at least 0.1%. When it is desired

to increase the transparency, it is preferred that no

Ce0; 1s incorporated.
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Each of TiO; and SnO; is not essential, but each may

be incorporated within a range of up to 30%, in order to

suppress devitrification during the processing into a

fiber. Each content is more preferably at most 10%.

5 A preferred matrix glass in the present invention
congsists essentially of the above-described components,
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%. TFor example, MgO, CaO, Sr0O, BaO, Nay0, K0,
ZrQO,;, ZnO, CdO, In;03, PbO, etc., may be incorporated to
suppress devitrification during the processing into a
fiber or to facilitate vitrification, and Yb,03 may be
incorporated to suppregs devitrification or concentration

15 qguenching. 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.



j 1096 & ( j 10% & ()- kkkkkkkQ ?+4 j109% & ()- j10% & ()- SnKn)d

)_
§109% & ()- j109% & ()- kkkkkkk ?+4 j10 j10% & ()- j10% & ()- |10% & ()-
§ 108 & ()- j10% & ()- j109% & ()- kkkkkk+?+4Snkn)d j109% & ()- | 10% & () -
§10% & ()- j10% & ()- kkkkkkkdD+4SnKn)d j 109 & ()- j10% & ()- j10% & ()-
i10% & ()- j10% & ()- j109% & ()- kkkkkl1_?+4SnKn) j10% & ()- |10% & ()-
j10% & ()- j10%& ()- j10%& ()- | 109%E ¢)-

EXAMPLES
To a matrix glass having a composition as shown by
mol% in the lines for from Bi;03 to CeO; in Tables 1 to 3,
Er was added in a proportion as shown by parts by mass in
5 the Tables per 100 parts by mass of the matrix glass, and
the glass thus obtained was melted at 1,200°C by a
melting method. In Example 1 (cladding), Example 2
(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) are Examples 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 Tg (unit:

°C) was measured by a differential thermal analysis (DTA).

The results are shown in the Tables.
An optical fiber 1 having a core diameter of 4 um, a

20 cladding diameter of 124 um 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 pm 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
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length of 98 cm, was prepared from Example 3 (core) and

Example 3 (cladding); an optical fiber 4 having a core
diameter of 4.9 um, a cladding diameter of 125 um and a
length of 254 cm, was prepared from Example 4 (core) and
5 Example 4 (cladding); an optical fiber 5 having a core
diameter of 4.7 ym, a cladding diameter of 125 um and a
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 um

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 is calculated by the following formula from the

incident strength Ii, of the signal light into the
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1 0 1 1 1
810% & ()- doptlca{ %f@gr and the output intensity Io.: from the
optical fiber, and the measurement error is within £0.5
dB.
G=10X1og (Iout=Tin/Iin)
5 From Tables 4 and 5, it is evident that the 3-dB

down bandwidth for a light having an intensity of 1 mW is
75 nm, 75 nm or more, 70 nm or more, and 70 nm or more
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: mW) 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 mwW.

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

measured by introducing a laser beam {(an excitation

20 1light) having a wavelength of 1,480 nm and an intensity
(unit: mW) as identifled 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 Ioy: are shown in Table 8.

From Table 8, it i1s evident that the above-mentioned

n becomes at least 10%, with the optical fiber 3 when
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the optical fiber 4 when the excitation light intensity

is at least 100 mW, and with the optical fiber 5, when

the excitation light intensity is at least 79 mW. On the

5 other hand, with the optical fiber 6 as a Comparative

Example, even if the excitation light intensity is 400 mw,

n is 8.2%, i.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 La,0;
and the optical loss, was examined as follows. Namely,
in the same manner as described above, glasses were
prepared in which the Laz0; 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
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Example 9 (cladding) e content o) 102 was increased
to set off the reduction of the Lay0; content. In Table 9,
the glass compositions of Example 7 (core) to Example 9
(cladding) are shown in the same manner as in Tables 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 Laj0; 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.
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Sio, 31. 4 35. 6 3565. 6 35. 6

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

La,0, 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|Exam gle 3{Example 4 |Example 4
- (core) [cladding)| (core) |lcladding)

Bi,0, |42. 7 42. 7 42, 7 42. 7
sio, 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




Ro Ro
Ro Ro

410%}[ & ()-3 410% }[ & ()-nnnnooj J*?+3 410% }[ & ()-3 410%}[& ()-
410%9}[ & ()-3 410% }[& ()-Y J80O( o000 0'0,0_7?+3 410%}3 410%}[& ()-3
410% }[ & ()-3 410% }[& ()-3 410% }[& ()-3 410% }[& ()-3 410%}[ & ()-,0l060;
0<0=0E*?+3 410% }[& ()-Y J80( 3 410%}[& ()-3 410%}[& ()-3

410% }[ & () - =0EoKoQoRoToUocG+3 410% }[ & ()-Y3 L>10%& ()-_3 L>10%& () -
L>10%&' ()-_3 L>10%& ()-_3 L>10%& ()-_ 3 21M0%&' () - UoXoYo\ 0] oaobof ogK+3
L>10%& () - 3 L>10%&' ()-_3 L>10%& ()-_3 L>10%& ()-_3 L>109%& ()- _

L>109%& ()-_3 L>109%& ()- _f ogokol opoqouovol LO3 L>10%& ()-_3 L>10%&' ()-
L>109%&' () - 3 L>10%&' ()-_3 L>109%' ()-_3 L>10%& ()-_3

L>10%&' ()-_vozo{ oo,glq}g[eLp3 L>10%& ()-_3 L>10%&' 3 L>10%& ()- 3 L>109%& ()-

3
(

/R, 0,@.—6)___ ' FaVaVaWoVaVaVay [ ats) !
210 8 _g 2Tode () - BB Es ﬁﬁ"g’meué E@’%fd%‘é%ﬁﬁéiﬁ%%‘ ()-.3
L>10% () -

Bi,0, 42. 8 42, 8 42. 8 42. 8
Si0, 34. 2 34, 2 35. 6 356. 6
Ga,04 17. 8 14. 3 17. 8 14. 3
La,0, 1. 4 1. 4 0 0
Al,0, 3. 6 7. 1 3. 6 7.1
CeQ, 0. 2 0. 2 0. 2 0. 2
Er 0. 32 (6] 0. 65 0
n 2. 03 2. 02 2. 02 2. 01
T, 490 492 485 485
Table 4
Wave~

leéngth | 1620 | 1626 | 1530 [ 15635 | 1540 (1545 | 1550 | 1555 | 1560 | 1565 1570

Fiber 1] 4.6 6. 4 9.3 [11,1 |10.4 [11.2 |11.1 [11.2 |11.0 9.7 8.1

Fiber 2| 0.5 1.1 3.2 4,6 | 5.0 5.4 | 4.3 4.5 5.4 5.0 3.4

Fiber 3| - - — | 82 |16.1 |17.6 |[18.1 |18.6 |19.0 |19.0 |18.9
Fiber 4/ _ - - ~ |11.2 |18.8 |19.6 [20.1 {20.3 [20.5 |20.5
Fiber 5| _ - - —~ | 9.4 [17.0 |18.3 [19.0 |19.3 |19.8 |20.2
Fiber 6] _. | . | —~ | — | — | 52 |135 |15.6 |16.3 |16.5 |16.5
Table 5
Vfave-
ength|1575 | 1580 | 1585 | 1590 | 1595 | 1600 | 1605 | 1610 | 1615 | 1620

Fiber 1| 7.0 6.1 6.3 6.5 6.3 5.7 5.4 | 5.4 5.1 6.2

Fiber 2| 3.2 | 2.7 | 2.8 2.2 | 2.4 | 22 1.7 1 1.9 | 2.1 1.6

Fiber 3(188 {185 |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 5|01 |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 |16.56 |16.2 [16.4 [16.2 |15.9 |15.4 {145




L>10%&' ()-_3 L>109%& ()-_3 L>100& ()-_3 L>10%&' ()-_ooooookd ?03 L>10%& () -
L>109%&' () - S’? k: 3 L>109%&' () 3 L>10% ()-_0000000_?03 L>103 L>10%&' () -
L>109&' () - L>109&' () - L>109%& ()-_3 L>109%&' ()-_3 L>109%&' ()-_opp
ppp+?0S?: k: 3 L>109%& () - 3 L>109%& ()- 3 L>109%&' ()- 3 L>109%& ()-_

p$p) p. p3pdDOS?: k: 3 L>10%&' ()-_ 3 L>10%&' ()- 3 L>10%&' ()-_3 L>10%&' ()-
L>109%&' ()-_3 L>109%&' ()-_3p8p=pBpGoLpQ~ 205?27 k3 L>10%& ()-_3 L>10%& ()
L>109&' () - 3 L>109&' ()-_3 L>109%& () - 3 L>100& ()-_QoRpZp’ pf pkppP0?0S3
L>109%& () - L>1®£J&e()3 3 L>10%&' () L>10%&' () - _>S?: k: kpopspxp ppp ?0S3
L>13 L>10%& () - 109 >t W&T =13 EPToYR (=3 SHoYR' () -
L>109& () - _pppp ?20S 320 clMoo &0 (]) 803100 J1BORI4Y )| 160SPrsk ;| 300 BBOYR' () - _
L>109%&' () - _ppppp: G+8 41,09 ) 410%&' () ;B8 4109 ( C%&'()-38
4109% ()- 38 410B8F -3“% 4%030 E’ -%Spi;%Jﬁ géi"%fje% 5)3??4% & ()-38
—-8.8|—3.6] 0.2] 20| 3.8] 43| 48] 5.0] 5.2 54 54| 5.4

Table 7
Inten-
sity 0 36 79 100 143 186 229 272 316 358 400

&Fiber?)—lQ.O —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} 11,0 14.5| 16.5) 17.8| 18.7) 19.5] 20,0 20.5

Fiber 5 —24.6 1.7] 10.6f 12.7( 15.3) 16.7| 17.8 | 18.7{ 19.3| 19.8| 20.3

Fiber 6j—23.2[—11.7{~1.0| 2.6| 7.4| 10.4y 12.1| 13.2| 14.2| 14.5| 15.2

Table 8
nten-
sity 0 36 79 100 143 186 229 272 316 | 368 400

Fiber 3 <0.1}0.2 |2.5 5.2 13.7 | 24.0 [34.9 |45.6 [55.6 |64.1 71,9
Fiber 4 <0

.170.2 6.1 12.6 |28.83 [44.3 [59.6 |74.3 [88.1]101 112

Fiber 5 <0.1 (1.6 [11.2 [18.6 [33.9 [46.8 {60.3 {74.1 [85.1[95.6 [107

Fiber 6 <0.1 0.1 0.8 1.8 5.6 [10.9 [16.3 }120.9 [26.2)28.4 32,8
Table 9

Bl | EERAS L TR © R TERIS. O e’ BT
Bi,0,]42. 7 |42.7 la2.7 la2. 7 la2. 7 |aa. 7
Si0O, |32. 9 32, 9 34, 3 34, 3 358, 7 36. 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
Er 0. 65 0 0. 65 0 0. 65 0




4109%&' ()-38 4109 ()-38 410%&%()-38 4109%&' ()-38 4109 () - 3pppppppp! LO8
4109%&' ()-38 410%&' ()-38 410%& ()-38 410%& ()-38 410%& ()-38 410%& ()-38
4109%&' () - 3ppppppC3I LO8 410%&' ()-3Sj]4 .8 410%& ()-38 410%&' ()-38
4109%&' () - 3ppppppg_?08 4108 410%& ()-38 410%&k ()-38 410% ()-38 410%& ()-38
4109%&' ()-38 410%&' ()-399qqq! q_?08 4108 410%&k ()-38 410% ()-38 410%& ()-38
4109%&' ()-38 4109 ()-38 410%&' ()-3'q" q( ¢/1n499gpP0?08 410%&' () - 38
4109%&' ()-38 4109%&' ()-38 410%&' ()-34Sj]4 .99?qEqKqQWy] g_?08 418 410%&' () - 38
4109%& ()-38 410%ctprd8ndleYRth)y- BEedtB¥Rif)edBion, it is possible
4109%&' () - 3] gageqf ql qsgkQ 708 410%&' ()-38 410%& ()-3Sj]4 .8 410% ()- 38
4109 () - 3sqxg~gHg8Un?88 4308c410%8p 1 f38nd10YR:E) aB8 4A0UEL(ra38
4109&' ()-38 410%&' ()-38 410% ()-39gqqgqq+?0Sj]4 .8 410%&k ()-38 410%& ()-38
4109%& () - 38 #408dh{Je3nquinqqabO&inpaif8iddosenh¢ri38, whereby a

thermal damage is less likely to take place even if a

5 laser beam having a high intensity is used as an

excitation light, and concentration quenching 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.
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vv-waw| [ 0S& 3. I09%& ()- 3 L,,!109& ()- 3 $10%& ()-° 3 L":10%& ()-g 3 !
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L3! 109%:R& () whdrein the matrix glass consists essentially of, as

represented by mol% based on the following oxides:

Bi,0; 20 to 80%,

15 B0 0 to 60%,
Si0, 0 to 60%,
Ga,0; 0 to 30%,
WO; 0 to 30%,
TeO, 0 to 30%,

20 La,0; 0.01 to 15%,
A1,0; 0 to 10%,
Ge0, 0 to 30%,
Ti0,; 0 to 30%,
Sno; 0 to 30%, and

25 CeO;, 0 to 2%.

3. The optical amplifying glass according to Claim 1 or

2, wherein the content of Lajy0; in the matrix glass is
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part by mass per 100 parts by mass of the matrix glass.
6. An optical waveguide comprising the optical
amplifying glass as defined in any one of Claims 1 to 5,
10 as the core.
7. The optical waveguide according to Claim 6, which
has a gain of at least 8 dB for a light having a
wavelength of from 1,530 nm to 1,560 nm and an intensity
of 0.1 mW, when the length of the optical waveguide is 5
15  cm.
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
20 efficiency of at least 10% for a light having a
wavelength of 1600 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
25 which has a conversion efficiency of at least 10% for a

light having a wavelength of 1,600 nm.



