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Abstract: We propose and demonstrate experimentally a
single-longitudinal-mode (SLM) fiber double-ring laser using an
Erbium-doped waveguide amplifier (EDWA), polarization con-

troller (PC), and a fiber Fabry-Perot tunable filter (FFP-TF) into *1
the ring cavity. In addition, the output power, side-mode suppres-
sion ratio (SMSR), and the stabilities of power and wavelength
of the laser also are investigated.
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Outputwavelengths of the proposed fiber laser in an operating
range of1530 to 1560 nm
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1. Introduction proposed, such as using two cascaded Fabry-Perot filters
into the ring cavity [5], employing a compound ring res-
onator composed of a dual-coupler fiber ring and a tunable

Ibandpass filter (TBF) [6], and utilizing twisted EDFs and
Cf_iber-type half-wave plate to control the cavity [7,8].

Single-longitudinal-mode (SLM) Erbium-doped fiber
(EDF) ring lasers have potential applications in optica
communications, fiber sensors, and spectroscopy. In a
cordance with these Erbium fiber lasers, the unidirectional

ring-cavity structure, which can potentially offer more out- In this paper, we propose and investigate experimen-
put power with low relative intensity noise, has been exten-tally a sable and tunable fiber double-ring laser to achieve
sively studied [1-4]. Due to the requirements of intracav-SLM operation, based on an Erbium-doped waveguide
ity components and connecting fibers, a rather long cavamplifier (EDWA), a fiber Fabry-Perot tunable filter (FFP-
ity length of the fiber ring laser is unavoidable and brings TF), and a polarization controller into the ring cavity.
out an enormous number of densely spaced longitudinaMoreover, the output power, side-mode suppression ratio
modes lying beneath the Erbium gain curve. To complet SMSR), and the stabilities of power and wavelength of
SLM operation, several SLM fiber lasers techniques havehe laser are also discussed.
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Figure 1 Proposed fiber double-ring laser architecture for SLM Wavelength, nm

operation
Figure 3 Output power and SMSR versus different wavelength
25 for the proposed laser over the wavelength$50 to 1560 nm
5 -
ducer (PZT) of this filter. In addition, an optical spectrum
c analyzer (OSA) with &.05 nm resolution is used to mea-
@ 157 sure the output spectra of ring laser.
5 The FFP-TF not only determines a lasing wavelength
g -5 but also serves as a mode-restricting component to provide
& the first restriction on the possible laser modes. Because
of the combination of a FFP-TF and a double-ring cavity,
557 }\ | __JLW a SLM operation in this fiber laser is achieved. The wave-
R oo e Aoy length mode oscillates only at a single frequency, which
75 MMW’*‘“WWW"‘/ \‘””"MW satisfies the resonant conditions of the proposed structure.

1525 1535 1545 1555 1565 The cavity of ring laser has a free spectral ranges
Wavelength, nm (FSRs),FSR = c¢/nL, wherec is the speed of light in
vacuum,n is the average refractive index of the single-
Figure 2 (online color at www.Iphys.org) Output wavelengths of mode fiber of1.468 and L is the total cavity length. The
the proposed fiber laser in an operating rangesaf to 1560 nm proposed ring laser has two ring cavities, as shown in
Fig. 1. In this experiment, the two ring lengths bf.96
and 13.04 m are the optimal choice for SLM operation.
) Therefore, the lengths of two ring loops ar#¢.96 and
2. Experiments and results 13.04 m long, corresponding to the FSRs of neatly1
and 15.7 MHz, respectively. Then, the single-frequency
Fig. 1 illustrates the proposed SLM Erbium-doped fiber operation of the fiber laser and its influence can be verified
double-ring laser. The proposed architecture consists of ahy a self-hnomodyne detection method. An optical circuit
EDWA, two 3 dB optical couplers (OCPs), a fiber Fabry- for a measurement is composed of a photodetector with
Perot tunable filter (FFB-TF), and a polarization con- a3 dB bandwidth ofl2 GHz and a Mach-Zehnder inter-
troller (PC). The EDWA, which is manufactured via two- ferometer with &25 km long standard single-mode fiber
step ion-exchange process, has the advantage of inheritinggMF).
the known properties of the Erbium-doped fiber amplifier ~ Fig. 2 illustrates the output wavelengths of the pro-
(EDFA), such as low noise figure, slight polarization de- posed fiber laser in an operating ranga &30 to 1560 nm.
pendence, and no crosstalk between wavelength-divisionFig. 2 also shows that all the output SMSRs are above
multiplexing (WDM) channels. All optical performances 64.6 dB. To realize the output behaviors of the laser, Fig. 3
are measured when the laser pump diode current equals &hows the output power and SMSR versus different wave-
440 mA at ambient temperature. The PC is used to alignlength for the proposed laser over the wavelengthi$ 86
the state of polarization of the ring cavity to guarantee ato 1560 nm. Fig. 3 presents that the output power and
stable oscillation. The FFP-TF is an all-fiber device havingSMSR of the laser are large tharb dBm and64.6 dB
a widely tunable range, low insertion loss<0f0.5 dB,and  at 1550 nm in the effectively operating range. The maxi-
low polarization-dependent loss ©f0.1 dB. This FFP-TF  mum output power and SMSR of the laser &dBm and
having the free spectral range (FSR}dfnm can provide 70.2 dB at1536 nm, as also seen in Fig. 3. Compared with
wavelength selection in the ring laser cavity by controlling the past report [9], the proposed laser has the lower cost
the external voltage (b 12 V) on the piezoelectric trans- and simpler scheme. Moreover, the SMSR of the proposed
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Figure 4 Output wavelength and power variations of the pro-
posed laser for a lasing wavelengthléfi6.5 nm initially and an
observing time 060 minutes
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Figure 5 Self-homodyne spectra of the (a) single-ring and (b)
double-ring laser at546.5 nm initially

laser is better (minimal SMSR of 64.6 dB) than that of
[9] (minimal SMSR of> 30 dB). Therefore, the proposed

fiber laser not only has easily structure but also has better

performance compared with the past.

In order to investigate the performance of output power

The results show that our proposed fiber laser has an ex-
cellent performance. The output power and central wave-
length variations are less thandB and0.04 nm, respec-
tively.

To verify the single-frequency performance, the self-
homodyne spectra of the fiber laser without and with
double-ring structure (an operating wavelength is at
1546.5 nm) as shown in Fig. 5a and Fig. 5b, respectively. A
noisy and unstable waveform with spikes is observed in the
spectrum of single-ring laser as seen in Fig. 5a. When it is
combined with a double-ring configuration, the proposed
resonator can guarantee a SLM laser oscillation in Fig. 5b.
Simultaneously, the fiber laser effectively suppresses side-
mode frequencies 6f00 MHz, also shown in Fig. 5b.

3. Conclusion

We have proposed and investigate experimentally a tun-
able and stable fiber laser with SLM output based on
double-ring architecture. Double-ring structure provides a
fine mode restriction and guarantees a SLM operation. The
output power of larger thar-5 dBm and the SMSR of
larger than64.6 dB over the operating range froib30

to 1560 nm can be obtained. And the maximum output
power and SMSR of the laser ate3 dBm and70.2 dB at
1536 nm. In addition, the power fluctuation of less than
1 dB and the central wavelength variation of less than
0.04 nm also are observed for lasing wavelength in a short-
term observing time.
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