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Di stributed Feedback Fibre Ring Laserr Field of the Inventi onl i EEB 2002
invention relates to an optical fibre laser configuration for |ow noise,
narrow 5 linew dth, single polarization node operation w th power
anplification. Its-applications are largely in the field of fibre optics
communi cation systens, as well as optical fibre- based sensor systens.
Background of the Invention 10- Single frlequency, single pol arizatian
optical fibre |asers exhibit potential as next generation optical network
transmtters in view of advantages such_as en I neer.in inpJicity, narrow
linewi dth and | Single Rlarization Ynig Femml Bijsgribu Mﬁﬂbmgrﬁﬂ {P:?*P@tc‘eﬁ%ﬁ um doped
Di stributed Feedback (DFB) fibre lasers, in 15 particular, are highly
efficient and exhibit robust, stable si ngl e node operations. However, due
to intri nsiﬂc@dfelﬁerhnggm e wthin the fibre, a single polarization output
cannot generally. aran r n, can
begin to nmani fesThlﬁf gesqf’ ggai%ﬁ%fa%%m‘%(rﬁﬁg‘%u% rﬁ"éﬂ{é’gsgsu as

sel f i nj gct jigswilac Kingle ﬂbﬁtﬁaﬁkﬁﬁmoﬂxf Stéxoh \tvmh @nwar anplum@hen fistapplicaiphon
out put, as docunent.ed %F Yamashi ta & G (S }e Pol al‘lé%tlon
Qper at i on oftepagely ipjthe field et rﬁé@&ﬁ%ﬁ?@’("%@."a@'@?g’ bﬂs MLt FRAELB¥RT ng
Jour nal of bgsécgggﬂg@,\gggg%gmol ogy, 17(3), 1999). This configuration requires
a short, lowloss feéeedback cavity to ensure polarization stability and -
suffici ent Injection intensity. 25 Anplification of injection intensity

t hr ough i nsggctk un&":)fﬂxg hﬁ?hg? doped fibre in the external cavity thus
tends to compronts lity. Furthernore, for a robust architecture
such as 18t ruct ur&ngleqiaqna&yasmgﬂelpoimizeﬂmdolﬁwdl- ﬁbdel lessro extabitl phtentidiaasknext

reflections fnrer% on opn Oll xaxgtlwz { “transmitters in view of advantages such as engincering

simplicity, narrow linewidth and low fibre-coupling loss.

Short cavity, Erbium/Ytterbium doped Distribu.tcd Feedback (DFB) fibre lasers, in

15 particular, are highly efficient and exhibit robust, stable single mode operations. However,
due to infrinsic birefringence within the fibre, a single polarization output cannot generally

be guarantecd. Moreover, the second polarization mode can begin to manifcst at moderate

to high pump power.

20 Techniques such as self-injection locking have been proposcd to ensure single
polarization output, as documented by S. Yamashita & G. J. Cowle ("Single-Polanization
Operation of Fibre Distributed Feedback (DFB) Lasers by Injection Locking”, Journal of
LightwaveTechnology, 17(3), 1999). This configuration requires a short, low-loss
fecdback cavity to ensure polarization stability and sufficient injection intensity.

25 Amplification of injection intensity through imsertion of an Erbium doped fibre in the
external cavity thus tends to compromise mode stability. Furthermore, for a robust
architecture such as structure requires a well-matched end-reflector and low back-

reflections from the polarizer.



-2- On,the other hand, a single node interactive DFB-DBR fibre laser which
merges the merits of both |aser configurati ons has been proposed J. J. Pan
& Y. Shi (" 1.66nW Single-Frequency Qutput Power Interactive Fibre Lasers
wi th Low Noi se", |EEE Photonics Technol ogy Letters, 11(1), 1999). This
“structure reportedly achi eves high 5 out put power through a Master

Gscill ator Power Amplifier (MOPA) cfiguration and exhibits a linew dth of
t he order of 200kHz. The fabrication procedure is, however, critical to
ensure optimal wavel ength overlap between the Bragg gratings and the | asing

wavel ength of the DFB fibre |aser., Accordingly, L zation.t.unin
nmechani sm can beO“itH‘EBP‘ﬁB{’%ﬁde& sp(gleagngger B’qﬁ?‘%&é)lg%% %éﬁ %%érrrv{)qagl Hlerles
-operation. gy hbefMi Rt HEE donfigakiics 1k bken pRokddo). d. Pas & YoBhp@tisshvough
MOPA configuration |eads to the introduction of Anplified Sp&?’t ape?@gﬁ

Eni ssi on ( ASE)leBrequengyii OHtpRt Rowen| ntasactivej FiRm d-opeF Wphi LA &¥Runi &2k i on
application - alt e Y r btak 'm’, Ri G
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| aser cors i gutpat power fibmbehseMester QscilihtonPowsy Asuplifier 4MOBAeconfiguratipn @od or s

or intra-cavity.fil.ters.are highl Li.nggent 0. I yndi 1 hey
are suscept Fﬁliné‘tﬁ %{l?ﬁﬁ“ﬂétpt?g S%c od'g%' #88%%2 19@ RS %gg%%éml%a‘?dn&%’fs’ lg‘jq"('aési'gxt’ Erihlf
wavel engt h- $¢lepgiire Veptingdl eWavdlchgtn @ batweaiy the eBragpegtatings raad giae (BSRY of
the long ring cavit?}j. The use g?ﬂar‘:éﬂ?n;,e ral s tur%%l gﬂagbssor er, 1‘::0 fR%m an
ef fective, mayﬁ%laugﬁlépf@ﬁ,l?ff%{%bqeﬁ?ssgrécq%q ¥ 110 ROFIFAHAD e RECHZHEN FAT BHwer

drastical |y incoiddgdifa 1008k HistApol e o RRES bpQatibtS | P&t&r&bf?hﬁ Rfitatibh e
DFB-Ring configuration was first denonstrated by D.Yu et al. F"D stributed

Feedback!(Ri thy e Isemewput|throagh MQRn confimiiondeads te g inHedyotign of Aseplifigd
Advanced Soly 4 : . . : 'Qmig'ﬁ Qsed
achi eves seﬁ)glll%eg’% F@?\sg%%gﬁﬁsﬁgh%%ﬁ ?%%g@%‘%gé‘??g% tE E&éré ut %lﬁd[o 0 %ﬁgﬁDFB
fibre | aser applisatiorse end to another, hence formng the ring configuration.
However, self-pulsations at 65s interval was observed when Er3y doped fibre
(1000ppm was used as the |laser gain nedium Since the DFB fibre |aser
| ases bi-directionally, the

An alternative approach to obtain narrow linewidth, high output, single longitudina}

15 mode operation is through a fibre ring laser configuration. Mode selection elements, such
as external reflectors or intra-cavity filters are highly stringent, Results also indicate they
are susceptible to mode-hops due to the finite bandwidth of these wavelength-selective
elements and the narrow free spectral range (FSR) of the long ring cavity. The use of an
integral saturable absorber to form an effective, ultra-narrow band filter, however, reduces

20 theoutput power drasticaily.

Single longitudinal wmode operation using a simple all-fibre DFB-Ring
configuration was first demonstrated by D.Yu et al. ("Distributed-Feedback Ring All-Fibre
Laser", OSA Trends in Optics and Photonics on Advanced Solid State Lasers, vol 1, 1996).

25 The laser therein disclosed achieves self-injection locking by coupling part of the output of
thc DFB fibre laser from one end to another, hence forming the ring configuration.
However, self-pulsations at 654s interval was observed when Er’* doped fibre (1 000ppm)
was used as the laser gain medium. Since the DFB fibre laser lases bi-directionally, the
configuration is prone to interference disturbance between the counter-propagating light

30 within the ring. Without polarization filter/control, polarization mode discrimination is



configuration is prone to-interference disturbance between the

count er-propagating light 30 within the ring. Wthout polarization

filter/control, polarization node discrimnation is -3- also not avail abl e.

At high punp power, the configuration is also prone to nulti-node

operation outside the stop-band of the DFB grating. Summary of the

I nvention 5 In accordance with the present I nvention, there is provided.

aL- &stributed feedback ring |aser arrangenment having a distributed

f eedback fibre laser arranged in an optical fibre |oop, the |oop

including: a ring cavity of rare earth doped Cégti.cal. ff bre; at |east one

| aser  punpilsegnaresradablen A ghc PYam BPW B the InfiBUrtign it Alspaione. tor pllemadey

second POl agefbh Slksid8 A AY-bie dRNIFBRrdiip! a- cavi ty pol arization means,
t

10 In the preferred formo '

e 1nvention, The distributed feedback fibre

| aser conprises a n phase shifted grating inscribed into Er/Yb co-doped

fibre. Pr efﬁrablx ;ge ﬁt nkig'ﬁlSt one | aser punping neans conprises first and

second 980rHE = s coupled into the optical fibre | oop through

wavel engsh di vi 9h@ocortdrice plithxiad presentiheantion, Ahere s pravidedra dibtsibnied deddhadr

arrangenent ,i s preferabl rovi ded .t hr a upl er _and pal ar.i I on

i nsensi ti vet eélawgewl\{gﬁ)qvg}g @%&P‘B&?%Hb%%ﬁglaﬁra?ﬁaﬂ%eﬁ?ﬁg oPhﬁai%‘E‘)Teon i s

descri bed i1gog) rtﬁ@to%F ifahdh: DRAE AR Ararcirth@pad ofticalibe; enleyst oné isaugh a

preferred enmbodi nent thereof and with reference to the acconpanying .

drawi ngs, RuWRiRs meaps; ymidiggcdional; epticalyisglatignraeans: it ad; sgep P)éfanéa%‘?“ngl e
ol ari zati | di ' ' : ' | aser constructed according to

P ?&gﬁg@éf’ an& Gh 'ir?ﬁf&lﬁélft% Pélﬁnza%ﬁ nidafid) g

a preferre ment o esent 1nvention; Figure 2 is a SFFPI trace
showi ng1Bne FSR of the single polarization node out put

In the preferred form of the invention, the distributed feedback fibre laser

comprises a & phase shifted grating inscribed into Er/Yb co-doped fibre.

Preferably the at least one laser pumping means comprises first and second 980nm
15 laser diodes coupled into the optical fibre loop through wavelength division multiplexed

couplers.

An output for the ring laser arrangement is preferably provided through a coupler
and a polarization insensitive isolator.
20
Brief Description of the Drawings
The invention is described in greater detail hereinafter, by way of example only,
through a preferred embodiment thereof and with reference to the accompanying drawings,
wherein:
25 Figure 1 is a diagrammatic illustration of a single polarization, unidirectional fibre
DFB ring laser constructed according to a preferred ernbodiment of the present invention;
Figure 2 is a SFFPI trace showing one FSR of the single polarization mode output
of the fibre DFB ning laser;
Figure 3 is a plot of the output power of the fibre DFB ring laser observed on an
30 Optical Spectrum Analyser (OSA) illustrating side mode suppression of >42dB;
| Figure 4 is an Eicctrical Spectrum Analyser (ESA) plot of noise intensity for the



of the fibre DFB ring |aser; Flgure 3 is a plot of the output power of the
fibre DFB ring |aser observed on an 30 Optical Spectrum Anal yser (CSA)
illustrating side node suppression of >42dB; Figure 4 is an Electri cal
Spectrum Anal yser (ESA) plot of noise intensity for the -4- fibre DFB ring
| aser; and Figure 5 is a spectrum obtained during |inew dth neasurenent of
the fibre DFB ring |aser output. 5 Detail ed Description of the Preferred
Enbodi ments A single polarization, uniditectional fibre distributed
feedback (DFB) ring laser configuration constructed in accordance with the
principles of the present invention is described hereinbelow The |aser
structure offitkdDFBfigdssetdneénbodi nent may achi eve a conbi nati on of high
cavity gain, narrow linew dth asspcjiated with rjng |asers of the prior

art, with the | oW8WS Sds @rRFEIR Ph@med dugpe Ainpyrdtly mspuremed of Aheyfi rlaﬁ%at.c
il Iustratloqulf asefloiprRer i mental set-up for a single polarization,
unidirectional tibre DFB ring | aser 10, constructed according to the
principles of the present invention, is shown in Figure 1 and descri bed

her ei nbelsowDT d'Del 1?1%5‘6?%‘&@&%19«: émb&ﬁxln‘é]?tgs a DFB fibre laser 12 which
is fabric tﬁ%ﬂgﬁm#—a—m—pmse shifted grating into an

Er/ Yb- codoped fi ir singl®hmldrizatitm, funbdiectiem] dibsndistribhicgnfzbdtmblk (DPB) QIthIEzser

-23dB/ m at 15 nr xn_at 80 m T structure i s t wo

980nm | aser © g(%ag a cfngtﬂ)c ?%%Wé’ﬂr "ep%ﬁ?}gfér?é.tthe él’F'%‘F%tl ’G‘Hemm“ is

mul ti pl exed déséhbid hadipbelos. 1Bhe Rber stx@dth?wa {he prefehed 'étn'Bgdﬁ{ehtJﬁ{ay ra@mur‘»e a

obt ai ned from g 50150 coupl er 22 having. i ndex matching 20 gel, and

pol ari zat | oﬁ°mﬁ§é‘i‘f§i ¢f; b paaly 84y nayrow Aingwidth assasiated pﬁﬂ’alﬁlil&@ﬁcrﬂ of ﬂ@ prior

I ncor poray edrt, Wi fhellov RBisk bma&&sa@mﬁ GbRI gl i On sel ectivity. Two

inline polarlzatlon controllers (PCs) 28, 30 are included in the ring to

control birefringence and to sel ect either of the two |asing polarizations

of the DFB fibre laser. A length of approximately 5.5 netres of Erbium

ggg?gxr Irrg{ gl 321'7§L di9SLHAEHe MRkt 39 ahrlax?:extir%rﬁlﬂ S ¥r laesglgélg p% arization,
unidirectional fibre DFB ring laser 10, constructed according to the principles of the

present invention, is shown in Figure 1 and described hereinbelow. The ring structure 10
15 includes a DFB fibre laser 12 which is fabricated through inscription of a 7 phase-shifted
grating into an Er/Yb codoped fibre. The Er/Yb fibre has a small signal absorption of
~23dB/m at 1535nm and 230dB/m at 980nm. The structure is pumped by two 980nm laser
diodes 14, 16 through respective wavelength division multiplexed (WDM) couplers 18, 20.
Output from the ring structure is obtained from a 50/50 coupler 22 having index matching
20 gcel, and a polarization insensitive isolator 24. A directional polarizer 26 is incorporated
within the ring to enhance polarization selectivity, Two inline polarization controllers
(PC's) 28, 30 are included in the ring to control birefringence and to select either of the two
lasing polarizations of thc DFB fibre laser. A length of approximately 5.5 metres of

Erbium doped fibre 32 is included, resulting in a total cavity length of approximately 17
25 metres.

Round trip cavity loss for the structure as illustrated is > 7dB due to the high excess
loss of'the polarizer and the use of the 50/50 coupler at the output. During experimentation

the entire set-up is covercd to shield away environment perturbations.

30



25 nmetres. Round trip cavity l.oss for the structure as illustrated is > 7dB
due to the high excess |oss of-the polarizer and the use of the 50/50
coupler at the output. During experinentation the entire set-up is covered
to shield away environnment perturbations. 30 -5- Prior to inplenentation of
the configuration 10, the DFB fibre laser 12 exhibits dual polarization
nmode operation with a separation neasured at approxi mately 555MHz.  Qut put
power at about 60mW punp power is approximtely 0.4nW 5 Experinental
results fromthe output of the DFB-ringiibre |aser 10 were obtained

si mul t aneously tRr.ough. t he use. of scanni ng. fi Fabry-Per.ot iy

i nterferoneter (gﬂ'ﬁ? fmpqﬁgiﬁqnccgﬁh%,ﬁ%@%%oﬂna’ ;?/hscerﬁg%E@X% lgér% lgncx btul“"cal
Spect r um Andhalgilarizeih) mol¥é bperhtivh with aSkpABtinnmpasaredlat sppovimately FSMEHZ. 68mMNV
and the secgnd 980nm pun(ﬁ 18 ﬁ\EOVi di ng ,about _20%8/ gi g\gl e polarization
node oper at BHPHHASWEIA 2P OMSY BYgR PeVFH i apRrpramatety B8mAYy zati on control lers
28, 30, resulting in a SFFPI trace as shown in Figure 2. No node beati ngs

are registered on the ESA and si de-node suppression of >42dB is neasured

on the OSA (Figure 3). - This further verifies tha_t__%he | aser operates _in
singl e pol ari zaExeRieotad resel{e fippathe puiguy efths DERr b lasermhP (s SPPIDGRi ch

inplies an Rk Gy s SRS BEME i oi se
receiver (Nelévn Focugl%ll)g?rsgéi giﬁl‘gfs&g pea%a:i?]%}leer?evel&gfﬂ{t?ﬁ%%%fﬁgﬁyq)ts

rel axati on &lestricabSpesumf Arajysen GE5A)-and an10pricel §peaimamwiralyser) €08 Ah s BEthsthar pl y
to <-135dB/ re llustr in Figure 4.. 20
The i new d?ﬁs t %? e%ﬁ@ gste4r J%ﬁ?ﬁntﬁ ib\%g{sjké%é%@ﬁr%de elfg‘foﬁrfsaéégﬁﬁl;/%u&n és gFP ?%Vé%%yne
t echni que t vt ROnEWE caimgie qioddrizhtidnr encvBCoperatioglewad Mbrained @irbeglo medifg . thd he
resol uti,gn f .t he devi i imted to - and t he oht.ai ned profile on
el Ean 1 pRlatiin SPiciRrd A abdesling R a st P Rt slgtt RHELES o1 o'

resolution limted. Based on the steep gradient along the profile, it is
concluded that the actual linewidth of the |aser is well

No mode beatings are regiétered on the ESA and side-mode suppression of >42dB
is mcasured on the OSA (Figure 3). This further verifies that the laser operates in singlc
polarization mode. The measured laser output is ~4mW (6dBm) which implies an

15 amplification of >10 times. RIN measurement using a low noise rcceiver (New
Focus1811) indicates a peak RIN level of ~-117dB/Hz at ils relaxation oscillation
frequency (~1.1MHz) and which decreases sharply to <-135dB/Hz abovc 3MHz. These

results arc illustrated in Figure 4.

20 The linewidth of the laser output was measured using delayed self-homodyne
technique through a commercial fibre Mach Zender (MZ) interferometer. The resolution
of the device is limited to ~32kHz and the obtained profile on the ESA is as shown in
Figure 5. The measured linewidth is largely resolution limited. Based on the steep

gradient along the profile, it is concluded that the actual linewidth of the laser is well
25 below 32kHz.

The configuration can be further improved by incorporating low-loss polarization-
scnsitive isolators and through optimising the ratio of the couplers. Single pump diode

configuration can also be achieved using an appropriate 980nm coupler. Further, a



25 bel ow 32kHz. The configuration can be further inproved by incorporating
| ow-1 oss pol arizati-on- sensitive'isolators and through optinmsing the ratio
of the couplers. Single punp diode configuration can also be achieved

usi ng an appropriate 980nm coupler. Further, a -6- bandpass filter within
the | oop can further enhance node discrimnation wthin the ring |aser,
The configuration may al so be adopted for DBR-R ng | aser configuration or
Fabry Perot-Ring configuration that notéonly allows polarization node

di scrimnation but also wavelength control. 5 The fibre |aser
configuration exhibits great potential in dense WDM optical conmmrunication
networ k. | ttandgdss Gtved iviteini We hodpnchnl farthéroénbiendeanede discrpeineton swithin thblringt o

present seniconductor_transmtters, e to, i fibre-based. configuration,
LT o al 0 ReGhILYS COREMTARR e 45 baonsd D BRaR Ga sy Coliinatop SrRabry

oper ati on Oferdtl¥8ing icBSFGil-tea! tECnot Qniys altbived Sd18Hatibh MedeBscRRiRafon! R Rso
disclosed in the prior art in view of an optical isolator included for

uni di r ect i ovavelcag@rcanireln. An intra-cavity polariser is also _ added for
pol ari zati on-sel ectivity. Furthernmore, the configuration the present
inventioh relies on fibre birefringence tuning technique to induce 15
Verni er effect between the two | aser configuration. Even though the DFB
fibre laser enfdwscBbresiapryl eonfignegtion eixhibits ravepd pential iipndsmise HgDM rptiedlng

cavity, th ﬁ&g‘?l ' [ i ' ' i de
gai n spect ‘rscﬁ) m o ll%ragl:l ﬁ%“@g“n I{gé]g 0\19?)%6‘%(13}? %Jt“?lgg} %&u%%@ég%gﬁlgggﬁ%oggﬁw& t he
AFB gr at i ngpresént shticindudtongdmempttdra Mhueatbi isnfitre-desedopafigirdation, dt 1shilghhighiyp
power, the ri{nl%gfa}vi rbge i s. tuned through the polarization controllers 20 to
achi eve pol BPI'FRIS G AOLIPIEE PSSRt on | ocking to the DFB | aser. Vernier

ef fect g@d honbgenous gai n broadening in Erbiumensure suppression of all
ot her poOtential radiation. Effectively, the configuration realises MPA

and sel f-inj ectiDie dpeedtion S \the Mt émtire® §0 Qidifferent from the Sagnac loop disclosed

in the prior art in view of an optical isolator included for unidirectional operation. An

intra-cavity polariser is also added for polarization-selectivity.  Furthermore, the

configuration the present invention relies on fibre birefringence tuning technique to induce

15 Vemier effect between the two laser configuration. Even though the DFB fibre laser

enhances single longitudinal modc operation within the ring cavity, the combination of

high cavity gain at high pump power and wide gain specttum of Erbjium can lead to

radiation outside the stop band of the DFB grating. To obtain single polarization mode

operation at high pump power, the ring cavity is tuned through the polarization controllers

20 to achieve polarization-selective injection locking to the DFB laser. Vernier effect and

homogenous gain broadening in Erbium ensure suppression of all other potential radiation.

. Effectively, the configuration rcaliscs MOPA and self-injection locking without a tedious

fabrication process or additional watching gratings. Power amplification is thus achieved

without compromising output performance. This cnables narrow linewidth, single

25 polarization mode operation with Relative Intensity Noise (RIN) below -135dB/Hz
. (>3MHZz) as described hereinabove.

The forcgoing dctailed description of the invention has been presented by way of
cxample only, and is not intended to be considered limiting to the invention as defined in

30 the appended claims.



fabrication process or additional matching gratings. Power anplification is
t hus achi eved without conpronising output performance. This enabl es narrow
| inewi dth, single 25 polarization node operation with Relative Intensity

Noi se (RIN) below -135dB/Hz (>3MHz) as descri bed herei nabove. The

foregoi ng detail ed description of the invention has been presented by way
of exanple only, and is not intended to,be considered [imting to the
invention as defined in 30 the append_eH7E:I aims. WWo 11111 11IN * CL MS
Clains: 1. A distributed feedback ring | aser arrangeuﬂumﬂnmwummll

di stributed feedback fibre |aser arranged in an opti he

| oop includlaigms:5 a ring cavity of rare earth doped optichl ¥ibre® A&t

| east one | aser punping neans; unidirectional optical isolation neans;
first and second pol arization controllers; an antra-cavity polarization
means. 10 2. A i dismbutddefdedbreckibag kasei arpnigapent avimgray distribnted sfeedbatirbirei n
claim1l, W;,erein the. di strib@te fegd ack fibre |aser conprises a it phase
shifted gratehgriesd i HLoPucRl iPrEPRe [P U bre. 15 3. A distribut ed

f eedbacksring | agfilz cavitpoOiesaith doped optiokldibrg) cl ai m 1, wherein the at

| east one | aser H‘gu i ng, means conprises first and second 980nm | aser di odes
coupled into t l%ﬂﬂeéaselfnumpéna 885t hr ough wavel engt h di vi si on

nul ti pl exed couRplffiRectidhal dbiidhsikélhdiitRehnkeedback ring laser arrangement as
claimed in claim1, wherein an 20 output is provided through a coupler and
pol ari zati on i ndustand secend poleazrasion controliers;

an intra-cavity polarization means.

10
2. A distributed feedback ring laser arrangement as claimed in claim 1, wherein the
distributed feedback fibre laser comprises a 7 phase shifted grating inscribed into Er/Yb
co-doped fibre.

15 3. A distributed feedback ring laser arrangement as claimed in claim 1, wherein the at

least one laser pumping means comprises first aud second 980nm lascr diodes coupled into

the optical fibre loop through wavelength division multiplexed couplers.

4, A distributed feedback ring laser arrangement as claimed in claim 1, wherein an

20 output is provided through a coupler and polarization insensitive isolator.



