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with N2 for one hour, and returned to the |lathe where it was heated at
about [err]for a few m nutes. This conpl eted sol vent evaporation. The
tenperature was raised to about [err] C for collapse to a rod. This al so
ensured conversion of [err] to [err]. The tube was flushed with 02/ He

m xt e during all of these stages (about 10 % 25 (volune) of [err] could
be introduced into the [err] mx if a very dry product were required.) The
resulting preformhad a core about 2nm di aneter. Anal ysis (using dispersive
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coifirméd that Al and Er3-were confined to the central region. The reason
for choosing a large core will be ' | ai ned. The ultimte objective
is a fibre having the dopant, Ers,%gﬁﬁgﬁiépi n a very small inner core,
e.g. with 30 a dianeter of [err] It was decided to achieve this by neans of
a fat outer core (8 , thin inner core (2 layers) and a high
overall draw rati o, dl?ﬁ& rgl?)n extensi on of about 1:105. The fatness of
the preformmade it diff@Qul #&® o handle and it was drawn in two stages.
First the external dianetgr g reduced from7.0mmto 3.2nm i.e. an axial
draw ofs1:4.8. The drawn_ rod was_s] eeved w, cha silica tube and then drawn
[err}to give the produdRlfibre. MatFhed forsd s a wel |l known probl emthat
dopants are |ost durgopg col | apseoiiteRedion nIer | ayers of the preform This
results in a thin axtal depletion zone. In the process above descri bed

Al 203 was present and in—the 'ﬁﬂesence of this conpound no | oss of Er3 +
occurred.) The product flbrellta the fol | owi ng neasurenents. 40 45 50 55 4
EP0313209B1 C adding (1 oeerr] 1D 4am6 R mat ched to
silica Core léroﬁ‘?}l%egi on 12 [err] Core | nner
Region 13 15 Core Innep Regitoar 131 Sam [err] General Properties
oD : 2 r] RI step - 0.01 "R
st ep” deénot es t he differ%ﬂaﬁge%eetgége‘ﬁ{the RI of the 25 core and the RI of
the claddi ng. A possi bl & hedr¥E of0the operation of this fibre will now be
briefly indicated. E@gegﬁn%%ﬁ%@ns set out above are particularly
perti-nant to dopant a three_level 30 system The three

| evels gre:- (a) The groQP1d state, (b) thézﬂeﬂm level, (c) upper |aser

| evel, (al so known as t hgp nmet@tsogbl e | ev@g) nm The absorption of a punp
photon by a ground stat egjolt};g transfers th@t Lon to the upper punp |evel
from 35 where it decays f-fRdi at i vel y t Bhe upper laser level. That ion
can then return to t"e% step¥ndemites cthei difflerencesbetweenatie RIovE thee. gi ves
out a s»gnal phofQr d ' he popul ati on inversion essenti al
for | aser operat #‘gﬂ! iabaiéﬂengée&sfgggwgga%&hﬁ nore than half the dopant ions
fromthe ground state to the upper |laser level. Thus it is inportant to

note that, dfPossi &F‘P‘?%Bﬂ*@ﬁ°pﬁ@?i‘fei't°”"ﬁf§ llnowbe bieflydndicgtechn hal f t he j ons have

The considerations set out above are particularly pertinant to dopants which lase as a three level
so system. The three levels are:-
(a) The ground state,
(b) the pump level,
{c) upper laser level, (also known as the metastable level).
The absorption of a pump photon by a ground state ion transfers that ion to the upper pump level from

35 where it decays non-radiatively to the upper laser level. That ion can then return to the ground state via the
lasing transition, i.e. gives out a signal photon. In order to achieve the population inversion essential for
laser operation it is necessary to pump more than half the dopant ions from the ground state fo the upper

i laser level. Thus it is important to note that, at a particular point in space, If fewer than half the ions have
At been pumped to the upper laser level then the signal beam will be attenuated at that point.

40 It is therefore extremely desirable to preferentially locate the fluoresence additive where the pump
intensity is highest, i.e. on the axis and to prevent there being any dopant ions in the regions where the
pump intensity is lower. :

The signal beam, which being single mode also has its maximum intensity on the axis, overlaps well
with the excited dopant ions and thus effectively depopulates the upper laser level.

45 In order to illustrate the benefit of the invention comparative measurements were made on two very
similar fibres both of which used Er3" ions as the fluorescent specles. The fibre, identified as “A", had the
Er3" ions located in a centre core Region 13 as shown in Figure 1. The comparative fibre, identified as "X",
had the more standard Er®* distribution, i.e. uniformly distributed over the whole of the core. Details of both
fibres are given in Table 1.
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béen ‘punped to the upper - Iaser Ievel then the signal beamw |l be
attenuated at that point. %éé?gg efore extrenely desirable to
preferentially |l ocate the fI uor % Tive where the punp intensity is
hi ghest, i.e. on the aX|s and to prevent there being any dopant ions in the
regi ons where the pupp—trt-epsity—s—-ower—hersigrat—beam which being
singl.e node al so has R’%"Wf‘ﬁhm i ntlefisity on fhe 2%is. loverl aps well with
the excited dopant i¢mstaand thus effleeds vel y depspul at es| t he upper | aser

| evel . 45 | n or def To@lddbihgigt)r at e |t ke benefiftsof the ijpvention

conpar ati ve- neasur emprioCowdta} made on3swo very|l 86milar fj bres both of which
useéd’[err] ions as t hambiRegiveéi®ent sptlies. TheNONBre, ijdentified as [err]
had the [err] ions | pdhSen.in a centj 8OWEHLORE]P.BI5XP08S| shown in Figure 1.
The conparative fi br ¢ Piiddadpicitiofthmis| 79", had t ¥ nore standard [err]
distribution, i.e. unitornly distributed over the whole of the core.

Det a"t s ofp th@&afée bf fFeR thGrdSpﬁi WaltohtAnelidRly@n the inabl région 13. BaBeddonHis regfeR alBe

Di anmet ehé chbhitlation of ErS” Ras 0.45% wt or 0.037% wt BisddObmlkhe total core 14. For fibre 3t 3%

125 To anesdttationof(EFT Jwas 0.05% @t Bhsed on the total cofe. 1@, 5 To Core
(12) The perfGrmiances of the two fibrds Beré tontarelRBy me#sufnb3he "transpareridy power™ of each. NONE Rl
St ep To measure the Qrafip@efky dwer a GhotO8igh GFUbre irusgd sdvihetepumpt pawkf ddeampt 790

790 1b changersignifieantiyaalang diie 1brighiv Bhettest ltemptisgralaincirgsthe sigriabat wavb lenglthy1.54un laed | nner
regi on @@w aBaavedength 5e&7ren inlodhemppesite endls phibe tiwn dhainpul eidxnutpyf poRers ofihes signali 5% wt
or 0. 03Fresmapsuted fas geversl Yalves picURP POWrcThew exiply e spedific PURP power atovhich thersigngldm of
[err] weeithen agwiifiedtor (sifenuatedy and fhis peyeniis Wope ag 4he ‘firaBsNIEPOPINRHc dBis BAME fiRe t wo

fibegs SREHIEIRY: P’@H’ Wumeastu&s |p P peyier. they fibrecsiyaiiatas a perieris ransparent window. A%
measur eh'Q"ﬁbP‘t"Ppa ? +thg &9{; hpiifes tp siopal ibgam, wheyeas 7t fawsh  unp
power a n ° ’P?Ba’?’EYng"f"%e' isrf glirgcl e asd:'E?n?i e es

| aunchi Mt °'f'ﬁ °° io ?1"6“( H“ °é'F¥ PO "%, e e RREOEEEN S

528. 7n rﬁr ?ﬁaren?yﬁ’o %rsﬁfotsel 8'err°1ds of the f| bre. The input and output powers of
the € gnal are neasured for sev punp power. There exists a
specific punp power at which th¢ Birghal 0BmWnei t her arrpllfled or attenuated
and this power is known as the '|thitie3 Fé‘n\“,’ power". This nane is O

consi dered appropriate because, |dt@t® hils?pl power, "the fibre simulates a
perfectly transparent w ndow. At higher punp powers than the transparency
powef, tHaghb s @coditl itd themventich gavedfaml at PEGTOWIR pinEgowal thdnakEdomparatve ABrMET S t he
fibre attenuates the signal beam The transparency power is a direct

measur eClelinst he performance of the invention and the | ower the transparency
power the better the performance. The transparency powers of the two fibres
was 25 i Bnepiikal fite, SuiAPE; tyr fermiog1fiudrestomadeiices, whigh donfeiss 30fluTtspsntt depant iinbitse
accor di ng cere ehaactprisge it ingirihe) sencerdralion ctthendppnt liv gresterpemthe istthasnat tthee
conpar at i {reripeeiepweerihg porg ang th Weical fibre, suitable for fornming

fl uorescent deV| ces, which-contajns a fluorescent dopant in its core,
chiaractr AsBrP APordng: o Haimc b Woerain 19 CR OMPHoRS 2 Jpeh regjon aadl can; uter dreitme

COr e4mXi s s'f"ﬁ’él"r'fJ ingithe Ipne" fegipR phargins %‘?’U\ﬂ@ﬁ" Piripe Qognt isgAaeineddn Bp logeriredipn- o A
fibre atgcgurf% na%cé ngqoaclam)£ M?r etlhgI m{r{]‘ eqso%%%n&ggg rn!)tsnef\osr ra]n Ialntr}aef\trer ofet\l%l OQ and
an outer & é%@u areaoft sdlLdOu nner regi on SRR UL P aIIy
all of the pant i1s contal ned |n the Inner region. 3. Afibre according to

claim 2, mﬁfeealcébr&utbqo LIBRSS, whérdhh B inh& eidn (cbisBititeS 5% 18TRoL ofthPdPos? sCilGHal £8a Of
the ot al o the core.

5. A fibre according to any one of claims 2 to 4, wherein both core regions contain SiO, and the mole
ratio of Si to dopant in the inner core region is between 1:10~* and 1:10.

% 6. Afibre according to any one of claims 2-5, wherein the dopant is substantially uniformly distributed in
the inner region of the core.

7. Afibre according to any one of the preceeding claims which is monomode at signal wave length.

% 8. A fibre according to any one of the preceeding claims wherein the dopant is capable of lasing
transition.

9. A fibre according to Claim 8, wherein the dopant is a three level lasing element.
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cross sectional area of the core. 4. Afibre according to clal
the inner region constitutes 5@5 iéﬁ#’é the cross sectional @‘ﬁﬂmmﬂ“m“i
core. 5. Afibre according to any one of clains 2 to 4, whereins omMe s *
regions contain Si Q2 and t he rmle ratio of Si to dopant in the inner core
region i s between 1; ant—-+ pO—6—A—f+pre—agceordhng to any one of
clainms 2-5, wherein t‘h%“ﬁeé Uy JS S lf%tantral y uniformlly distributed . in

the inner region of |tal core. 7. A ji1Bse accojdesg to arly one of the

preceedi ng cl ai ns i olCladdingrtimonode| &0 si gnal |Wweve | engtth. 55 8. A.fibre
accordi ng to any on¢ TofCote@)preceed| 8§ cl ai ns| @Perei n the dopant is capable
of lasing transitiof.lnmrRegioni(t¥h e acgdi¥di ng to| BWEM 8, wherein the dopant

is a three level |agiM§e8l.ement. 6 | 0-0pE9:@:P051 B 00085+BP0Nianet ers (am T
A LPeyt Mpde cut off (hm) | 760 12§ 790 125 To O addi ng

(11) 6.0 6.0 5 To Core (12)

3.5% In the cas8 obfitké A GHe dapdit was dohfdihed only i 6 inner region 13. BN Mis Biep alone

0. 0100e Q&&entraﬁorO&QE@ 88 048 it drbales7euivt bésbd (ohnthe tat&Ccore 14. For 7B XGhe | N

t he ca®ecenfratibn birEes" Avas OS5 epbased rathe bahtaé ed only in the inner region 13.
Based on Thépesionmagies af thé madibries were gororaradrbatniegsuriad thg Sranbparency BowsE'% eachor

0. 037% wifo messwe the transpatentyapowen p eshart) lengtiy of filrg) iso used tsaethat aytne rrowen fasp not

[err chargeGianifoantiy alengdbailergth. fTheotepiomprise® fagnching toisiong) & wayedenaliclsS4gim ente t wo

fi br esPuferat wegengihds: W@é@ﬁﬂﬂpﬂﬁfe eps of the fitrepthe input and gieytpowgrs efibgsianel,
neasuraée f“ﬁ%"'“'ﬁ’é‘?‘@ ‘Qfaé ERH&P P&""E’hli*re(e ? ?Pe‘EJT“’ rtrnmpé’wrafsatm'getrﬂeagvﬂﬁ punp
power Fplified '? t’" p°'f‘ﬂ' @rr ses

| aumcht, ﬂﬁ ap r° 's',), ; %OW
C ih eas a er
528 7n m &sﬁﬁe u es tﬁg% ﬁl é;Ehe ﬁs ]ar nc o l¥¥ers of
ﬁ&ﬁna fdeSot th n aRcE ?’l
specr ftl'aﬁspgl-éﬂ&ﬁ&% ”ﬂ tv)éfﬁub s gnal e|t er arrp | or attenuat ed
and this power is knovvn as the transparency power". This name is 20

perfectly transparent w ndow. At F'H"P =r° powers than the transparency
power, the fibre anplifies the|s nggﬁ & ereas at | ower punp powers the
fibre attenuates the signal bed helfird arency power is a direct

meagur e of the performance of the invention and the lower the transparency
power Thagthb éibre eccotding tpibe fnventiengaee galthat ntumalowgramenoyqudmﬂs coinparétive fitwe f i br es
was 25 Fibre A 0.8mMNFibre X 1.4nWRatio 1 :1.75 30 Thus the fibre

. accor d¢¥laipst o the i nvention gave gain at nuch | ower punp power than the
conparative fibre. ains 1. An optical fibre, suitable for formng

f 1 ugy e cntortfal fitse suitaRls; femfopning Byorpsceat devices adich (OB A Aporpssent dopng f"e"‘s

char act eCPethaEiefsRd in fhethe Gﬂ?f’é?ffaP%{'t pighe gpPaptis GERASE SR e cRyP @XiE dhan it tene
core axi ?Wﬁ%ﬂ?emeetwgc?rﬁt"édrtf’%ﬁ'é 8t ween the core and the cl addi ng. 2. A

con® dered appropriate because,—at—t+h+s mg'ma power, the fibre sinulates a

f I br e @C(AO{lgli'é %@co&%@wgqo b |m 1 e CO nnererse an al"ldnner U(B Qe
Stk | r
an outer il ¢l .nne”egi g neﬁ@ @5% a or' oraﬁat Qartag@ b &gw °§orh?ngyto

claimg, AeS Lellahd® LRS! whedh 88 -&\Qﬂ%&ubﬁ I:’Jn@tﬁutMot FRFetndr R GuaRter i Mo 51 Of

the tot al(:ross sectional area of the core.

4. A fibre according to claim 3, wherein the inner region constitutes 5% to 15% of the cross sectional area

* of the core.

6. A fibre according to any one of claims 2 to 4, wherein both core regions contain Si0z and the mole
ratio of Si to dopant in the inner core region is between 1:10™* and 1:10,

%0 6. Afibre act:ording to any one of claims 2-5, wherein the dopant is substantially uniformly distributed in
the inner region of the core.

7. A fibre according'to any one of the preceeding claims which is monomode at signal wave length.

85

8. A fibre according to any one of the preceeding claims wherein the dopant is capable of lasing
transition.

9. A fibre according to Claim 8, wherein the dopant is a three level lasing element.
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cr8ss skt o‘nal area of the core. 45 4. A fibre according t u zﬂ
wherein the inner region constitut % of the cross ﬁ mw IJ’ !BHJ!
of the core. 5. A fibre according ﬁ)ogﬁlﬁ%n% of clains 2 to II

core regions contain Si2 and the nole ratio of Si to dopant in the inner

core regiqp, Aabr@eécw@ﬁﬂ td £y bhe R plecddihg dhime WitdrdM e aé‘pﬁﬁtréjé 3 dafth @dhenNe Of

clains 2-5, wherein the dopant is subst anti al | y uniformy distributed in
the inner 11.e4¥8 actbrding & i €0, whereif\tioidbiat id Seladted B EX, NdAPYYH® VB aif Trh.he
preceedi ng cl'ainms which is nononode at si gnal wave length. 55 8. A fibre
accor di 5ig 12.0A #iny a@oeiing fo didire 1 waeraie therigpani iaEs Wher ei n t he dopant is capabl e
of Nasing transition. 9. Afibre according to Caim8, wherein the dopant

i s a thred3.| Mveptticdl fikgd wijchedompéses . 6 EP 0 313 209 B1 10. A fibre according
to any one of (Rlacladdiegiegibmigrmon af airst olebreroippsition baving pdiret refractivp indexie eart h

el ement. 11. Ab fppderaeqsd miongsumeunéqdabwnsq@ claddingr esotan tand frophet aj vcand| glase ed
from Erf® Nd, mPempasion haying ggseqepd refractivo index FQ‘%F@°@C’€M"H@"°{‘ beipg Aiphey I!“f" said
wherein the ddishrpfragtus i ‘@P"r% 13 An optij cal flbre whi ch conpri ses

(a)
cl adding regi d 3[Ry '°f’|ﬁ”§?“" o @ss P?'?d 190,810 fprmeds of & h'rd “glass
refractive in p°s§;' haé(' 95 ve iggex sp " ' "’?ﬂ'"‘& qa'
regl on and fo m,in _a ?c!)rm antetf un G lc z%:row Iiﬁons h r tl'atlon
refractTve in 0 t st
refractive in g%"‘gﬁ sfm a0 ﬂner c@?go {roe F’Zﬂ @%r rou r:é eIsaﬁ?“'aenm@{glr‘' C Asg

regi on and forne a thlrd gl ass conp05|t|on havi ng a refractlve |ndex

substanti ghl ) @p%bﬂ'bré BocsrdihGltoTRIO N whédih M6 LdnésntraidH SKindispattiid 0. £ 1160% k) wolgnt,
gl ass GeNposi tion contains a dopant which provi des an el ement selected from

Er, Nd, Prs. AfDoptiddp fibre accordify BNy 58 bithelpro@ikiiny CRIRRDIMRrér thb REABHI IHIE banikts J
transitions osBsniaty 1of BI0R, 16 BREMdokeaiehion conkists RERnKBMP NSO SndSEET A8 tHeOnder e de
0. 001 to 10%sfign cwesigdéssentially af SIOL |GeORaMd theaiasg dopent. he total third gl ass
conposition. 14. An optical fibre according to claim 13, wherein the
concentz aPatentagdpriidhe dopant is 0.1 to 10% by weight. 20 15. An opti cal
fibre according to any one of .the preceding clains, wherein the cladding

r egi on coflsiGatische £esen tdiegepigned fst jmPilden ﬂmreémrendefc‘&r@htﬂf@h ovelchaping fylorgszieren-
essent i al | y ¢fDotipragy indfnercken eathdt. girurch gpkepnzeighnet, defidie Konzentyatiog wdar Ralierwng Ul | v
of Si R, GeCler Kerppchspgrdiasistily 366’6’61‘?{9"2"52’59 F’ﬂi"é‘?&‘!&ﬁs’fﬂ"t ywagerPlatigping.sche Faser,

die gee”Pgnet | St zum Bi | den fl uore52| erender Vor.ri cht ungen wel| che ei ne

y ér it ooyl ol Prreichya, Peer dellappron, Beme
da‘éoé.ezzkonz B 2 wﬁ”’ S oo, 18 GRS ocRIFR TR R o

el

G enzfl ache %\?"é’c"ﬁigﬁ Kem und der Plattierung. 30 2. Faser nach Anspruch
1, wobg] derg [
uhgeber de% i chheAn%{l‘ch z“ﬂs‘bre? ﬁ‘r?&%b&rttcrg{i&t ﬁ%ﬂ%&geﬁiﬁr%ncfhﬁ?%e%%n@#bﬁéé% itts
Dotierung in dem i nneren Bere| ch enthalten ist. 35 & Faser nach Anspruch
2, wobei gergkdnRéraRpiui 8§ wobbicdel inh&E 'Belch 559 hisVisth! &t clGEchARSIBEH&Rs Kerns
QJe‘s,schnl tt sqarsigp@ache des Kerns bildet. 4. Faser nach Anspruch 3, wobei der
I nnere q4Bereich 5 % bis 15 % der Querschnittsflache des Kerns darstellt. 40
5. Faser Bactasei meinchem deisfrisplodhe 2 blisi & vobelvblids KbraberkachKesioh enthaieh eindidal
ent hal t en undoheengiltdidnion &F uabotiarusg inaiam Sinerdn Kerd@taiob rzwischen n:1@he nmd NTAegin
Ker nberei ch zwi schen 1:10< und 1:10 |ieqgt.

8. Faser nach einem der Anspriche 2 bis 5, wobei die Dotierung im wesentlichen gleichfrmig in dem

45 inneren Bereich des Kerns verteilt ist.

7. Faser nach einem der vorhergehenden Ansprliche, die bei einer Signalwellenléinge eine Monomodenfa-
ser ist.

s0 8 Faser nach einem der vorhergehenden Ansprilche, wobei die Dotierung zu einem Laserlibergang in der
Lage ist.

9. Faser nach Anspruch 8, wobei die Dotierung ein 3-Niveau-Laserelement ist.

s5 10. Faser nach einem der vorhergehenden Ansprliche, wobei die Dotierung ein Element der Seltenen
Erden ist.

11. Faser nach Anspruch 10, wobei die Dotierung aus Er, Nd, Pr, Ho, Yb und Tm ausgew&hit ist.
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6. Faser riach ei nem der AnsprOche 2 bis 5, wobei die Dotler IIIH I"ﬁl ﬂH”““I
wesent|ichen gleichformg in de L aneren Berelch de [!W m -
ist. 7. Faser nach ei nem der vo?h'é?’gae‘ﬁgﬁé Anspr Uche,
Si gnal wel | enl dnge ei ne Mononodenfa- ser ist. 50 & Faser nach el nem der
vor her gese Re@inh ARphded 1, witP&ib DetisRindBist & UNY zu ei nem Lasertibergang in
der Lage ist. 9. Faser nach- Anspruch 8, wobei die Dotierung ein

3- Ni veautsl Qpfidchd Biss Weldhs butwéi: 10. Faser nach ei nem der vorher gehenden

Anspr ache, wajeinendPigttidmrigbtdfeithgde? i ads Bingrnapdidn GiaszusamirioRddingEhitl @inerh Ststen 16ke-
Faser snach Actapgsinddx gbbildetviddei di e Dotierung aus Er, Nd, Pr, Ho, Yb und Tm
ausQ-eW' hit i®) eingh durchEnOPIBHspungf@rel8h umgebenen duBeren Kernbe'reich. der:laué lotnér] 2weiteh1 111
11111 |ii *Gkszusammenggtzungebiliat iﬁﬁds@remmhnMMsimde&mcbwwewei&i Brechaorigs-er ung
Er 3* ist. 13inde@hbheatishals garsrste Breghlingsindoguf wei st: (a) ei nen

Pl at t i er ungs{sk pinencéiurchddan ByGarenc Kerehereish dmgpbeapmaionarerakerbamish.zden guspirer akifiesm
ersteff Bre- Slaszusammenseizungygebiides i £b?'ﬂ%ﬁ’%®@'"“{ tsipr & wesenilighee [gleigh rfem
Plattier ungsH@I‘%ﬁ 'E’F‘Ic“tl BeR¥ 8 nwobel fite |QiassaPReNEPpIzUNg @jne Dgtierynp eathdlt, Giaieinen

d aszusam*ren @P‘i"u vl sF'éstE'nW PeiHee ¥l wrdel™ | rP"ISF B ?fﬂfé&'d %Iﬂel

d t -°' °rg yehe! & Rl gt
ren i on g mi‘ﬂﬁ“ ste1|r9 ARG FATHobEHN. 4 . BT, RGP EHL o
el ner®ritte ere_?gese ' d aszusamenset zung gebil det ist mt el nem

Brech I I | i st,
Br oGl tn i ot NRBELH L, FHRP o8 Bl B B0 Bl il
El enent bereitstellt, welches aus Er, Nd, Pr, Ho, Yb und Tmin einer Form

aus'gewAhist opisehb Fagér%aéﬂbldiﬁrrdeLﬁﬂ%rdeﬁénderﬁArﬁﬂUéh@Sﬁﬂbyhﬁf BARAMGsbéiéicH M Résshiihen,
wobei di e Knzesbioabbadht, d8f 5uBeb IKBAbEAGChAR! wiséntiichdn, aus! 813, Qnd B8d0DheStetQind der
Gew cht spr gn&e Kerfihetsidhid wasshtigRN adlgioL Ge0Oma Abit Iasddolisrdngesmnset zung 15
bereitgestellt let. 14. Optische Faser nach Anspruch 13, wobel die

Konzent rReveraticatienis Dot i erung- 0, 1 bis 10 Gew chtsprozent ist. K/ 20 15.

Opt i seshe Faser nach ei nem der vor hergehenden Ansprlche, wobei der

Pl at t i ertingsd e pptiqué, mpiadsiemier des dispesitia liwreSieas, due canbient daréepn aQyBe pe dopant

Ker nber ei cRudrescant seragtdrisésrrarce e laSompntiatieh desiopantest plusigranda gurdiexe dumnapguegu'a

Ker nber ei c interiacoarierie nqvathelip galng- Si 02, Ge2 und der Laserdoti erung besteht.
Revendl cations 25 1. Une fibre optique, apte a forner des d| spositifs

f 1 uor ¥s Gente fiRee selenyia revandicatipaisdans, faayale ko noyay SIRPRRY Ut 1987 BiSEuR ot une zone

caract 6ri 9@’§é’@ o, Q0toHERt I8 Zong dikciayrp d2pg iBfrelfesentiy foutle fpR3at agt copfam das 13+ axe
du noyau q&° ﬁ'qé"f"ﬁferface entre le noyau et la gaine. 30 2. Une fibre

sel on | a3 r %V{{Lcriel ge% revelnd Ioz? 2|d%95u5 Ee la zone%y eurg%ggon%nd élas é)lu (anﬁ'l uart de

i nt ~r%eure,a% Btafe o&:'ﬁe%}p q rﬁ r&e rant”Ta zone n &
| aquel’l e senS| enent tout opant e t cont enu dans Ia zone |nter|eure
3. Une f4 byRe fiftd Qbod ré@M&&ﬁénC@tda&f‘la&muéjﬁ%nel Akl &n&tﬁxez&r@%‘ D4 gYe ne

constitue Rafacdddhs chupd tafbviéa do diS Eroyan. surface totale d' une coupe
traasversal e du noyau. 4. Une fibre sal on Ia revendi cation 3 dans | aquelle

| a zome §. NURY iitRel ESorCIUAS lqlididoRqud Bieb réeniiichond/@ de4, | dansSkGUbMRCBs Boubt¥Bnes A IByai

t ransver saksntighder @y Si0> ot (b rapportUkiudairk ishitfecSi 8 leCddpant dane |4]ztab GRstiguie dél@syau est
revendi cat campsis gnt@ 140~*daan30.l aquel | e | es deux zones de noyau contiennent du
S102 et le rapport nolaire entre Si et |e dopant dans | a zone interieure de

noyau e$k Uomfiire splogdunecquélcohguedes revéndications 2 a 5, dans laquelle le dopant est réparti de fagon
45 sensiblement uniforme dans la zone intérisure du noyau.

7. Une fibre selon l'une quelcdnque des revendications précédentes qui est monomode 2 la longueur
d'onde de signal.

so 8. Une fibre selon l'une quelconque des revendications précédentes dans laquelle le dopant est suscepti-
ble d'une transition 2 effet laser.

9. Une fibre selon la revendication 8, dans laquelle le dopant est un élément 2 effet laser & trois niveaux.

s6 10. Une fibre selon I'une quelconque des revendications précédentes, dans laquelle le dopant est un
élément des terres rares.

11. Une fibre selon la revendication 10, dans laquelle le dopant est choisi parmi Er, Nd, Pr, Ho, Yb et Tm.
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6.° Une'fibre selon | “une :quel conque des revendi cations 2 ans | aquel | e
| e dopant est rvparti de fagon 45EP ﬁe,ﬁ;aﬁl | ement uni f or ,# 3 I Hm
interieure du noyau. 7. Une fibre seq% une quel conque A Al ) S

pr6cedentes qui est nononode a | a | ongueur d'onde de signal. so 8. Une
fibre sel g Une Wible sélehah FeRdHaieRionl 86 dirRViR06lb frdobainsst BrECedent es dans | aquel | e
| e dopant est suscepti- ble d' une. transition a effet laser. 9. Une fibre
sel on | a 138 6bre aptiqdiquBcontprsna : | aquel | e | e dopant est un el enent a effet

| aser & troi s(anunseansde daine inéelde bishite @mbaxsitioh daivetre § edried ingfide dél @ action;
revendiscat i on) pne eand amtédsiye dancyal acjoedd par it egrarnde gane et forrmdecdhaat dethdisne
ter¥€s rares. cddpositdnedef vepp & dramkibme Indice dv edfditivat pdindeligdmal dise e odfettion étaet
dopant est cheipdileupauditrprefier indich dePéfrackqn; Yb et Tm 8 EP 0 313 209 B1

* | Lhill 11 ¥nelzopp intdripure Zle noyay gnfoyrée percladite doee pxisrievrelide aoyayret Tamée) dine

| aquel | e | e dispisiime eosmposiiog Pe vers 2 indise p ifractiop sengllement iéadl Guil der@@mey ingica dee
zone d& gai ne'ofieflipR slagp (apnelle, jadiy Bpigerea, pRmpestionofe vAe \Aantioat un dapan; sk Infltgenc e
de rdfracti on®lément.choisi parmhEr, hdePr, Boyerbest TRy $ous, e fgane, fyseaptible %’ﬁrs&‘é“'ﬁea? des

| adite zone d(f’ LS 935“ ? ?%é‘%“sda‘li’p'@ 'g&ﬂ%’ﬁ’ﬁ‘?"q&‘ﬁﬁ"l‘?&? PY PR SPRYtijugr 001 @
deuxi brie i ndi &&%F2 PPEY PR FIETRM LIAPESe JL RYPLRE dor T A MBSOTRIHALTS B et ant
supb6ri eur Lt prem er i ndi . i QN; ) ne | rigeure .de
noyau Shi LEiRs Tl o %ﬁg&eﬁ%ﬁ%@%ﬂéﬁ%ﬁ*’%’g ot Blcot el G LR chE bl
troi si eme conposition de verre a indice de refraction sensiblenent 4ga

audi t deuys, RIIE ibd Upfictie 3610 Bune quelconq R ded Gvertiibatidh PRécERALE ldbR h@die! 1€ zone de
troi si bre C QRO SInLisE BssdRioNRiohConCSitY, 1283he SiRsri\RS 88MhoyBit bonkifs bssbntidRbniBhiGINEIG,
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