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Abstract. A thermo-optically tunable fiber ring laser has
been constructed. The laser is based on a polymer-spaced
Fabry-Pérot �F-P� étalon with a cavity length of 470-�m and
an ultra-low polarization-dependent loss �PDL� of �0.1 dB.
A wavelength tuning range of �1.4 nm and a high wave-
length stability of �0.02 nm have been demonstrated with-
out involving any moving mechanical parts. Such a nonme-
chanical tunable fiber laser structure leads to a reduced
device size and allows easy device packaging due to the
ultra-low PDL of the wavelength tuning element. © 2006 Soci-
ety of Photo-Optical Instrumentation Engineers.
�DOI: 10.1117/1.2219737�
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Wavelength-tunable lasers are highly desired to achieve
dynamically reconfigurable optical networks and signifi-
cantly reduce the number of redundant lasers required in
optical communication inventories.1–4 Tunable fiber lasers
are among the most promising sources due to their high
energy conversion efficiency ��20% �, large gain band-
width across C and L bands, and inherent compatibility
with optical fibers, which leads to extremely low insertion
loss and reduced packing cost.3 However, most of the ex-
isting tunable laser technologies involve moving mechani-
cal parts,4–9 which not only requires precise mechanical
moving control elements, but also increases device size and
weight and generates reliability issues. In this paper, we
present a thermo-optically tunable fiber ring laser without
involving any moving mechanical parts. The laser is based
on a polymer-spaced Fabry-Pérot �F-P� étalon with a short
cavity length of 470 �m and an ultra-low polarization-
dependent loss �PDL� of �0.1 dB. A wavelength tuning
range of �1.4 nm and a wavelength stability of �0.02 nm
have been demonstrated. Such a fiber laser provides a com-
pact device structure and allows easy device packaging due
to the ultra-low PDL of the wavelength tuning element.

The schematic diagram of the thermo-optically tunable
fiber laser is shown in Fig. 1. It consists of a wavelength
division multiplexing coupler �WDM 980/1550 nm�,
r0091-3286/2006/$22.00 © 2006 SPIE
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3-m-long erbium doped fiber �EDF; OFS HG980�, two
solators, a polymer-filled F-P étalon and a 5% output tap
oupler. The total length of the fiber ring cavity is 5 meters,
hich gives a longitudinal mode separation of �20 MHz.
he polymer-filled F-P étalon functions as a thermo-
ptically tunable optical filter, which selects the lasing
avelength of the fiber laser. It was constructed by filling
olymers into an air-spaced F-P étalon. The cross section
nd the cavity length of the air-spaced F-P étalon are
mm�3 mm and 470 �m, respectively. The polymer fill

nside the F-P étalon is Norland optical adhesive 61
NOA61�, which has a refractive index of 1.541 at the
avelength of 1560 nm at room temperature �25°C�. The
nesse of the polymer-filled F-P cavity was measured to be
pproximately 100. The F-P étalon has a free-spectral range
FSR� of 1.66 nm and a 3-dB bandwidth of 0.02 nm, which
ndicates that there are approximately 100 longitudinal
odes in each pass band of the F-P filter. The polymer-

paced F-P étalon was packaged with polarization mainte-
ance �PM�–fiber pigtailed collimators on both the input
nd the output sides. The focal length and the aperture of
he PM-fiber pigtailed collimators are 0.8 mm and 2 mm,
espectively. Due to this ultra-low PDL, no special attention
as paid to aligning the polarization orientation of the FP
lter to the fiber laser. The insertion loss �IL� and PDL of

he F-P filter were measured to be 1.1 dB and 0.1 dB,
espectively.

The resonant wavelength of the F-P étalon is given by:

�m = 2nL = 2S , �1�

here n is the refractive index �1.541 at room temperature
t the wavelength of 1.56 �m�, L is the cavity length, m is
n integer, and S is the optical path length S=nL. The tem-
erature dependence of the optical path length10 is given
y:

S = � dn

dT
+ n�CTE�LdT , �2�

here �CTE is the coefficient of thermal expansion �CTE�,
CTE=220�10−6 / °C for NOA61, and dn /dT is the

hermo-optic coefficient, which is 1.85�10−4 / °C for
OA61.11 The resonant wavelength �m can thus be tuned
y changing the refractive index n or the cavity length L, or
oth. The wavelength tuning range �� �the shift of the

ig. 1 Schematic structure of the thermo-optically tunable fiber ring
aser.
esonant wavelength �m� can be written as:
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��/� = ��S�/S = �1

n

dn

dT
+ �CTE��T . �3�

As indicated in Eq. �3�, by controlling the temperature, a
thermo-optically tunable optical filter can be achieved. This
tunable optical fiber functions as a wavelength selection
element for the fiber laser.

The wavelength tuning spectrums of the fiber ring laser
at different temperatures were characterized using an opti-
cal spectrum analyzer �Agilent 86140B�, as shown in
Fig. 2. As indicated in Fig. 2, the wavelength of the fiber
ring laser can be continuously tuned from 1560.8 nm to
1561.4 nm when the temperature of the F-P étalon was in-
creased from 17.1°C to 45.5°C. A side-mode suppression
ratio �SMSR� over 30 dB was obtained. Figure 3 shows the
measured wavelength tuning ranges �� at different tem-
peratures. The solid trace is the calculated wavelength tun-
ing range �� as a function of temperature. Note that the
measured wavelength tuning ranges �� are smaller than
calculation results. One possible reason for this is because
the F-P cavity is mounted on a thermal-electric cooler
�TEC�, which has a much smaller coefficient of thermal
expansion. This would limit the expansion of the polymer
materials and result in smaller wavelength tuning ranges
�� than expected values.

To obtain high wavelength stability, the temperature of
the thermo-optic filter was controlled by a temperature con-
troller. The close-loop gain and time constant were opti-
mized to achieve an excellent temperature stability of
�0.02°C. The wavelength tuning speed was approximately
500 ms. By reducing the thermal capacitance of the
polymer-filled F-P étalon, e.g., decreasing the size and in-
creasing the thermal conductivity of the F-P étalon, faster
wavelength-tuning speed �tens of ms� can be expected. The
power consumption of the polymer-spaced F-P filter at
45.5°C was measured to be �0.1 W. The wavelength sta-
bility at each temperature was measured to be �0.02 nm.
The wavelength instability is not due to the temperature
fluctuation �0.02°C�. We believe that it is the result of the
mode-hopping and competing of multilongitudinal modes
within the passband of the F-P étalon as well as volume
relaxation of polymer materials.12 By increasing the finesse
of the F-P étalon, the number of the longitudinal modes

Fig. 2 Wavelength tuning spectrum of the thermo-optically tunable
fiber ring laser.
Optical Engineering 070503-2
ithin the passband of the F-P cavity can be reduced, and a
igher wavelength stability can be expected.

In summary, we present a thermo-optically tunable fiber
ing laser with high wavelength stability. The laser yields a
avelength tuning range of �1.4 nm without any moving
echanical parts. A wavelength stability of �0.02 nm and
SMSR of over 30 dB were obtained. By increasing the

nesse of the F-P cavity, a higher wavelength stability can
e expected. Such a fiber laser provides a compact structure
y eliminating the mechanical moving parts. In addition,
he ultra-low PDL of the wavelength tuning element allows
asy device alignment and packaging.
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