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A TunableS-Band Erbium-Doped Fiber Ring Laser

Chien-Hung Yeh, Chien-Chung Lee, and Sien Chi

Abstract—In this paper, we experimentally investigate and rC
demonstrate an S-band erbium-doped fiber (EDF) ring laser ;Zﬁ m m:::

based on an erbium-doped silica fiber and 980-nm pumping laser.
Widely tunable range from 1480 to 1522 nm, and the sidemode
suppression ratio (SMSR) of>30 dB/0.1 nm and the output power

of > —2 dBm in the operating range from 1482 nm to 1517 nm
have been achieved for this ring laser. Under the constant power
control, the output power variation less than +0.05 dB can also S-Band EDFA Module
be accomplished over the tuning range from 1482 to 1517 nm.
This S-band EDF ring laser is promising for the future S-band

applications. \
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Index Terms—EDF, fiber ring laser, S-band.

I. INTRODUCTION

RBIUM-DOPED FIBER (EDF) ring lasers are applicable

to loss measurements of optical components, optic
sensing systems, and tunable transmitters in wavelength-di-
vision-multiplexing (WDM) systems. Due to the bandwidt9-1- The experimental setup for ahband EDF ring laser.
limitation of erbium-doped fiber amplifiers (EDFAs), the . . )
wavelength range of erbium-doped fiber ring lasers can on!}}rpv'de a sharp, high-attenuation, long-wavelength cutoff
cover bothC- and L-bands (1530-1610 nm) [1]—[3]. Recenﬂyﬁ ter into active fibers. The_ erbium-doped f|_be_rs in the _f|rst_
an S-band (1450-1530 nm) amplification technique, whicand §econd stages hav_e different characteristics. The flbgr in
utilizes erbium-doped silica fiber with depressed claddin§e first stage has the fiber length of 20 m, and can provide
design and 980-nm pump laser to generate EDF gain extensfoff noise figure and medium gain by forward pumping. The
effect, has been reported [4]. By using tifisband amplifier, fiber in the second stage has the fiber length of 30 m, and
the operating wavelengths of EDF ring lasers can be extendé Produce large output power by backward pumping. In
to S-band range. addition, the optical |s_0_lat0r between these_ two stages can

In this letter, we have experimentally investigated and demofiduce backward amplified spontaneous emission (ASE) and

strated the feasibility of a tunabfband ring laser by using the IMProve noise figure performance. The gain and noise figure
similar configuration forC- and L-band ring lasers. The per-€an reach 32 dB and 5.7 dB at 1500 nm for input power of
formances of tunable range, output power, sidemode suppre<> dBm, and the saturated output power at 1500 nm can

sion ration (SMSR), and constant gain control have also be® UpP to 14 dBm for input power of 0 dBm. The total pump
studied. power of this amplifier module can be up to 280 mW while

the bias current is operated at 356 mA. The FFP filter is an
all-fiber device having a widely tunable range, low insertion
loss 0.5 dB), and low polarization-dependent los€(1 dB).

Fig. 1 shows the experimental setup for the tunableand This FFP filter having the free spectral range (FSR) of 44.5 nm
EDF ring laser. This configuration was constructed by &nd the finesse of 200 nm can provide wavelength selection in
1 x 2 and 10:90 optical coupler, an polarization controllese ring laser cavity by applying external voltagel@ V) on
(PC), an intracavity fiber Fabry—Pérot filter (FFP-TP), and aghe piezoelectric transducer (PZT) of FFP filter. In addition, an
S-band EDFA module composed of two stage EDFA and gptical spectrum analyzer (OSA) and a power meter (PM) are
power-sharing 980-nm pump laser. Tleband EDF inside used to measure the output spectra and powers of the ring laser.
EDFA module has a depressed cladding design in order toFig. 2 shows the optical spectra of this EDF ring laser while

the various external-voltage applied on the PZT of FFP filter.
The lasing wavelength tuning over 42 nm from 1480 to 1522 nm
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C : Optical Coupler

W : 980/1480 nm WDM Coupler
PC : Polarization Controller

OSA : Optical Spectrum Analyzer
FFP : Fiber Fabry-Perot
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Fig. 4. The constant output power (seta2.3 dBm) and various bias current
(255-356 mA) of the pump laser versus lasing wavelength for this ring laser in
the tuning range from 1482 to 1517 nm.

Fig. 2. The optical spectra of tuning wavelength in the EDF fiber ring las@utput power and bias current of the pump laser versus lasing
Wfavelength for this ring laser. In Fig. 4, we set the constant
output power of this ring laser at2.3 dBm. The power vari-
ation less thant0.05 dB can be obtained in the tuning range
from 1482 to 1517 nm by tuning the bias current from 255 to
356 mA.

when the external-voltage applied on the PZT of FFP filter over a tuning ran

from 1480 to 1522 nm. The insert is the ASE spectrum ofSapand EDFA
module.
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laser over the tunable range from 1480 to 1522 nm.

I1l. CONCLUSION

In summary, art-band EDF ring laser based on an erbium-
doped silica fiber and 980-nm pumping laser have been exper-
imentally investigated and demonstrated. Widely tunable range
from 1480 to 1522 nm, and the SMSR 80 dB/0.1 nm and
the output power of> —2 dBm in the operating range from
1482 to 1517 nm have been achieved for this ring laser. Under
the constant power control, the output power variation less than
40.05 dB can also be accomplished over the tuning range from
1482 nm to 1517 nm. ThiS-band EDF ring laser is promising
for the futureS-band applications.

Fig. 3. The output power and SMSR versus the tuning wavelength for this ring
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spectively. As seen in Fig. 3, the SMSR and output power can'HENts:

kept larger than 30 dB/0.1 nm anre?.0 dBm in a wide tuning

range over 34 nm (1482-1517 nm). When the lasing wave-

length operated at around 1508 nm, the SMSR will increase[i]

dramatically to 64.2 dB/0.1 nm due to the strong gain com-

petition and ASE compression. As a result, the tunable range
over 42 nm (1480-1522 nm) can be achieved and the SMSR of2]
>30 dB/0.1 nm and the output powerxsf—2 dBm can be kept

in the operating region from 1482 to 1517 nm for this EDF ring 3]

laser.

Furthermore, the constant output power control for this ring

laser can be obtained by proper adjustment of the bias curren[t4]
of the pump laser in th&-band amplifier. Fig. 4 indicates the
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