18 JULY 2006 -1 Single Polarization Unidirectional Distributed Feedback
Fibre Ring Laser Field of the Invention This invention relates to an
optical fibre laser configuration for |ow noise, narrow 5 |inew dth,
singl e polarization node operation with power anplification. Its
applications are largely in the field of fibre optics co i )

systens, as well as optical fibre- based sensor systens. gg%agﬁgﬂﬁgﬂ%f t he
I nvention 10 Single frequency, single poHarization optical fibre |asers
exhi bit potential as next generation optical network transmtters in view
of advantages such as engineering sinplicity, narrow |inew dth and | ow
fibre-coupling loss. Short cavity, Erbiun Ytterbium doped D stributed
Feedback (DFB) Single olaxization Umdir¢gigeal Distribated EgedbhtlyHibre&ting diasent and
exhi bit robust, stable single node operations. However, due to intrinsic
.birefringence within the fibre, a single polarization output cannot :
general | y Fisd giihe adepgddn Moreover, the second pol arization node can begin
to mani fest at noderate to high punp power. 20 Techni ques such as
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a short, lowloss feedback cavity to ensure polarization stability and
sufficientbﬁﬁﬁéﬁ$¥%ﬁW$%@%nsity. 25 Anplification of injection intensity

t hrough insertion of an Erbium doped fibre in the external cavity thus
tends to conprom se node stability. Furthernore, for a robust architecture
such as st Backgrownd efqhé frvsnt@onnel | - mat ched end-refl ector and | ow back-

reflections fromthe _ polarizer. 18 JULY 2006 -2 ‘
10 g}ngie ﬁ}gquency, s?ng]e po]arizatron opt?cal fibre lasers exhibit potential as next

generation optical network transmitters in view of advantages such as engineering

simplicity, narrow linewidth and low fibre-coupling loss.

Short cavity, Erbium/Ytterbium doped Distributed Feedback (D¥B) fibre lasers, in

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

be guaranteed. Moreover, the second polarization mode can begin to manifest at moderate

to high pump power.

20 Techniques such as self-injection locking have been proposed to ensure single
polaﬁzation output, as documented by 5. Yamashita & G. J. Cowle ("Single-Polarization
Operation of Fibre Distributed Feedback (DFB) Lasers by Injection Locking", Journal of
LightaneTechnology, 17(3), 1999). This configuration requires a short, low-loss
feedback cavity to ensure polarization stability and sufficient injection intensity.

25 Amplification of injection intensity through insertion 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.




On the other hand, a single node interactive DFB-DBR fibre |aser which
nerges the nerits of both |aser configurations has been proposed J. J. Pan
& Y. Shi ("166mW Singl e- Frequency Qutput Power Interactive Fibre Lasers

wi th Low Noi se", |IEEE Photonics Technol ogy Letters, 11(1), 1999) Thi s
structure reportedly achi eves high 5 output power through tf 006
Gscil lator Power Amplifier (MOPA) configuration and exhlblts a |linew dth
of the order of 200kHz. The fabrication pjocedure is, however, critical to
ensure optimal wavel ength overlap between the Bragg gratings and the | asing
wavel ength of the DFB fibre |aser. Accordingly, no pol ari zation tuning

mechani sm can be ncorporated to ass sin Z
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are susceptibl e to node due to the finite bandw dth o? t hese
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DFB-Ring configuration was first denmonstrated by D.Yu et al.
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ring configuration. However, self-pulsations at 65s interval was observed

when Er 3+ d@B%ﬂ“PP%re (1000ppn) was used as the |aser gain nedium Since
the DFB fibre |aser |ases bi-directionally, the configuration is prone to
i nterference di sturbance between the counter-propagating light 30 within
the ring. Wthout polarization filter/control, polarization node

di scri m nati on i%n alternative approach to obtain narrow linewidth, high output, single longitudinal

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  the output power drastically.

Single longitudinal mode 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
the DFB fibre laser from one end to another, hence forming the ring configuration.
However, self-pulsations at 65s interval was observed when Er** doped fibre (1000ppm)
was used as the laser gain medium. Since the DFB fibre laser lases bi-directionally, the
configuration is prone to interference distdrbance between the counter-propagating light

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




18 JULY 2006 -3 al so not avail able. At high punp power, the configuration
is also prone to nmulti-node operation outside the stop-band of the DFB
grating. Sunmary of the Invention 5 In accordance with the present
invention, there is provided a distributed feedback ring | aser arrangenent
having a distributed feedback fibre |aser arranged in an opgi LY§?6§G

| oop, the loop including: a ring cavity of rare earth doped optica i bre;
at |l east one |aser punping nmeans; unidinectional optical isolation nmeans;
first and second polarization controllers; and an intra-cavity

pol ari zation neans. 10 In the preferred formof the invention, the

di stributed feedbac ib | aser _conpri,ses it phase . .shifte rat.in
Thecri bed” sy SSERTHEIe, "G bl Firmp ESVB dBE Rofi e R B pick® dn dn flgfihe

punpi ng W@ﬁb&atﬁﬁf@ftéiﬂ@mefsidﬁﬁarﬂﬂﬂtI@@DPBC%r&ﬁ%Um 15 l'aser diodes coupled
into the optical fibre |loop through wavel ength division nultiplexed
couplers. An output for the ring |laser arrangenent is preferably provided
t hrough a _ arization insensitive isolator. 20 Brief
Descriptio%&%= o Q%“%nggﬁThe invention is described in greater detai
herei nabter, bywayoafanexaithl e @rdsynt intdHiRHOher: Rrrbadedd dyibdedsittiback
t hereof and with reference to the acconpanﬁing drawi ngs, wherein; 25

Fi gure | i9nglagprarangaaenihavingisdistabiied femdbackstibrgllascpemanged a popptical fibre
unidirecti | af.i - q t t i t rred
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Figure 3 is a ﬁlot of the output power of the fibre DFB ring |aser observed
on an controllers; and an intra-cavity polanzation means.

10

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

comprises a 7t phase shifled grating inscribed into Er/Yb co-doped fibre.

Preferably the at least one laser pumpihg 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 s 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 2 preferred embodiment of the present invention;
Figure 2 is a SFFPT trace showing one FSR of the single polarization mode output
of the fibre DFB ring laser;
Figure 3 is a plot of the output power of the fibre DFB ring laser observed on an
30 Optical Spectrum Anatyser (OSA) illustrating side mode suppression of >42dB;
Figure 4 is an Electrical Spectrum Analyser (ESA) plot of noise intensity for the |




30 Optical Spectrum Anal yser (OSA) illustrating side node suppression of
>42dB; Figure 4 is an Eleectrical Spectrum Anal yser (ESA) plot of noise
intensity for the 18 JULY 2006 -4 fibre DFB ring laser; and Figure 5is a
spectrum obt ai ned during |inew dth nmeasurenment of the fibre DFB ring |aser
output. 5 Detailed Description of the Preferred Enbodi nent i

pol ari zation, unidirectional fibre distributed feedback (DﬁESﬁLrﬁTwngb?%ser
configuration constructed in accordance wth the principles of the present
invention is described hereinbelow The Taser structure of the preferred
enbodi nent may achieve a conbination of high cavity gain, narrow |inew dth
associated with ring lasers of the prior 10 art, with the | ow noise

char act er i $ibre DFBfring 1BF® 4ridore | aser. A diagrammatic illustration of an
experinmental set.up for a sipgle polarization, .unidirectional fibre

i ho 1 aser 10, Euttle Solscbepesitnr offin®d otihe Meviddy prabSEhead e HERTE
invention, g lgapmpmn Figure 1 and descri bed herei nbel ow. The ring
structure 10715 includes a DFB fibre laser 12 which is fabricated through
inscription of a it phase-shifted grating into an Er/Yb codoped fibre. The
Er/Yb fibre has .a small si brebsrl?ti)od} 1fts -23dB/ m at 1535nm and 230dB/ m
at 9sonm Hekailed Deseripto S ed by §888m | aser di odes 14, 16 through
respective wavelgerpiph gbMiisdtion, Mhidirephane dibte \BYrituesd Feaback8(DIE®). rinOdsp!t
fromthe ring structure is obtained froma 50/50 coupl er 22 having 1 ndex
mat chi ng 2Q0@féguratigidcenspurtsd i 1p ACF o anGes withi the pENFipiasaelothe resent dvcatien ahal
pol ari zer IS g e L.t hi } ri i
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i ncl uded i BombmatioM@f hizhcarity @hinhnmedw ilingeidte assodiatcd with b adctshefrthopribhe
two lasing polarizations of the DFB fibre |aser. A length of approximtely
5.5 netlles 26 withthy lom npsssecdharactsristianofliadDFB Abrgleser. resul ting in a total
cavity length of approximately 17 25 nmetres. Round trip cavity loss for
the structure as illustrated is > 7dB due to the hi gh excess

A diagrammatic illustration of an experimental set-up for a single polarization,
unidirectional fibre DFB ming 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 w 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 gel, and a polarization insensitive isolator 24. A directional polarizer 26 1s 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 the 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 covered to shield away environment perturbations.

30




| oss of the polarizer and the use of the 50/50 coupler at the output.
During experinmentation the entire set-up is covered to shield away

envi ronnment perturbations. 30 18 JULY 2006 -5 Prior to inplenentation of
the configuration 10, the DFB fibre |aser 12 exhibits dual polarization
node operation with a separation neasured at approxi mat el y@%ﬁﬁzz oémt put
power at about 60mAN punp power is approximtely 0.4mMN 5 EXperl men?a
results fromthe output of the DFB-ring-fsibre [ aser 10 were obtai ned

si mul t aneously through the use of a scanning fibre Fabry-Perot
interferoneter (SFFPlI), Electrical Spectrum Anal yser (ESA) and an Opti cal

Spect rum Anal yser: / . ir i di.ong . 68mNV
and the second g@Bﬁ%@u‘%ﬁ%@%éﬁéﬁﬁ énﬁgﬁﬁaggxg%{%%}g}jﬁwe sbfl: r?gﬁgyep%%%r}éa |%)Irt1S
nmode oper atdugipol@izatbk aicdedbpehition ghith WRefgatidiemedrgbhtadppz@iimarelc 6FSMHL] er s
28, 30, resulting in a SFFPI trace as shown in Figure 2. No node beatings
are regi st SVEI BAVEHE apa Wﬁ“&&lml%mﬁ’%%ﬁghoéfn\gﬂdB' i s measur ed
on the OSA (Figure 3). This further verifies that the | aser operates in
single polarization node. The nmeasured | aser output is -4nW (6dBn) which
inplies an 15 anplification of >10 tines. RI N neasurenent using a | ow noise
recei vet (New Espush&itd)resuldi foath dlse antpetakt tRt RHPexing fibfe lasdr1iTdBEIdob&tingd s

relaxation .oscillatjon frequenc -1. 1MHz) _an i ch decreases sh to
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techni que through a commercral fibre Mach Zender (M nterferomneter. e
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tthe ESA is_as.s in .Figure 5. The .measured |linewi dth is |argel
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The configuration can be further inproved by incorporating |owl oss

pol ari zati on-

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

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

results are illustrated in Figure 4.

20 The linewidth of the laser output was measured using delayed self-homodyne
techmque through a commercial fibre Mach Zender (MZ) interferometer. The resolution
of the device 1s 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-
sensitive isolators and through optimising the ratio of the couplers. Single pump diode

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




sensitive isolators and through optimsing the ratio of the couplers.

Si ngl e punp diode configuration can also be achieved using an appropriate
980nm coupl er. Further, a 18 JULY 2006 -6 bandpass filter within the | oop
can further enhance node discrimnation within the ring |laser. The
configuration may also be adopted for DBR-Ring | aser confi ggrgjiydoeg Fabry
Perot-Ring configuration that not only all ows pol ari zati on node
discrimnation but also wavelength contgol. 5 The fibre |aser
configuration exhibits great potential in dense WDM optical conmmunication
network. Its narrow |inew dth and | ow noi se | evel conpetes favourably to
present sem condyctor .transmtters. e to its fibre-hased confi.gurat.on,
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pol ari zation-sel ectivity. Furthernore, the configuration the present

i nvention W%"Iefeé@ﬁ’o‘i‘?"%f’ re birefringence tuning technique to induce 15

-Verni er_effect between the two | aser configuration. Even though the DFB
fibre laser enhances si ngl e | ongi tudi nal node operation within the ring
cavity, the conbination of high cavity gain at high punp power and wi de
gai n spect r um ofheEfibray fasgr sonBauration eﬁg@mt gropt potesiiadein Wensst BPMandticl t he
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effect and honpgengus gain broadening in Erbiumensure suppression of all
ot her pot éfPligabletadibae plics sepsor sxtt¢pel y, the configuration reali ses MOPA
and self-injection | ocking without a tedious fabrication process or

addi ti bhal matching gratings. Power anplification is thus achieved without
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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 Vemnier effect between the two laser configuration. Even though the DFB fibre laser

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

high cavity gain at high pump power and wide gain spectrum of Erbium 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 realises MOPA and sel-injection locking without a tedious

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

without compromising output performance. This enables narrow linewidth, single

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

The foregoing detailed description of the invention has been presented by way of
example only, and is not intended to be considered limiting to the invention as defined in

30 the appended claims.




25 pol arizati on node operation with Relative Intensity Noise (RIN) bel ow
-135dB/Hz (>3MHz) as descri bed her.ei nabove. The foregoing detail ed
description of the invention has been presented by way of exanple only,
and is not intended to be considered limting to the invention as defined
in 30 the appended clainms. 18 JULY 2006 -7 Clains: 1. A digtjjjps
feedback ring | aser arrangenent having a distributed feedback fibre |aser
arranged in an optical fibre loop, the Iggp including: 5 a ring cavity of
rare earth doped optical fibre; at |east one |aser punping neans;

uni directional optical isolation neans; first and second pol ari zation
controll ersg.: o] intra-cavity polarization neans. 10 2. A distributed

f eedback ringJ@dser arrangenment as clained in claiml, wherein the

di stributed feedback fibre | aser conprises a it phase shifted grating
inscribed into Er/Yb co-doped fibre. 15 3. A distributed feedback ring

| aser arrangemenf* H&ribpisd deedbpek engilasen arropgement having atdistribuisd fendbacka§bre
punpi ng NMeaRsCeAREIERSInfdnki c ser di odes coupled into

t he opticaJﬂ$?bre %ﬁ%é?ﬁﬁﬁﬁgﬁﬁﬁg¥§ éﬁggﬁggﬁgﬁﬁﬁlh mul ti pl exed coupl ers. 4.
A distributed feadbackvity ofgateaash dapehmgrakfibreas clainmed in claim1
wherein an 20 output is provided through a coupler and polarization

i nsensitive isoIéﬂ%F?O@?m TPUBISHUEEY: f eedback ring | aser arrangenment as
clained in any opgdRéctions opticRGEslhdch mbaisms, wherein the first and second
pol ari zation controllers are adapted for "controlling birefringence and for
sel ecti ng ei t herfitst andwscondpalgripationcoutatlicons of the 25 distributed '

f{eedb ack fibre | ﬁ?l%ra-cavity polarization means.

10
2. A distributed feedback ring laser arrangement as claimed in claim 1, wherein the
distributed feedback fibre laser comprises a m 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 and second 980nm laser 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.

5. A distributed feedback ring laser arrangement as claimed in any one of the

preceding claims, wherein the first and second polarization controllers are adapted for

controlling birefringence and for selecting either of two lasing polarizations of the
25  distributed feedback fibre laser.




