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Abstract

We report the development of a ring tunable fiber laser based on tunable fiber Bragg gratings (TFBG) integrated with an optical
circulator. The TFBG is embedded inside a 3-piont bending device for wavelength tuning. The tunable laser operating in the C-band has
power variation, tuning resolution, tuning range and laser line width of +0.5dB, 0.5nm, 25.0 nm and less than 0.05 nm, respectively. As
40 mW of pump power is used, the ring tunable laser has a side mode suppression ratio of 60dB and a power conversion efficiency of
25%. These specifications ensure the high-quality operation of a tunable laser.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years, lasers have found a variety of applica-
tions, including sensing, instrument testing, optical signal
processing, optical communications, and photon analog-
to-digital conversion (ADC) [1,2]. More specifically,
tunable lasers have been flexible for usage in wavelength
routing, wavelength protection and optical measurement.
Several methods have already been proposed to investigate
tunable lasers using photonic crystal mirrors [3] and a
multiple quantum-well waveguide. Among them, the use of
the erbium-doped fiber ring laser (EDFRL) exhibits
potential for success, partially since it features a low-
temperature sensitivity of wavelength. The selection of
their operation wavelengths has been achieved by using
different optical filtering devices, such as Mach—Zehnder
filters or in-fiber comb filters. However, the tuning range
can be narrow [4], or the line width can be wide due to large
filter bandwidth. Another approach is the dual wavelength
tunable fiber laser. Lasing occurs at two different
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wavelengths, alternatively, by using a circuit consisting of
two overlapping circuits with a common gain medium [5].
In this paper, we demonstrate the use of the tunable fiber-
Bragg-gratings (TFBGs)-based tunable laser. A suitably
designed optical device could cover the whole C-band
region. The laser is constructed by a 1 x 2 optical switch
(OSW) and optical circulator (OC). The results show that
the tuning ability could be realized by appropriately
switching the OSW and compressing/straining the TFBGs.

2. Operation mechanism of the TFBG
From the theory of solid mechanics [6], the transverse

displacement (v) is related to longitudinal strain (&) applied
to the FBG for tuning purpose.

M
Ee = Ty 1)
and

—PL?
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In these equations, E is the elastic modulus, / is the
moment of inertia, M( = PL/2) is the bending moment,
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Fig. 1. Schematic diagram shows the concept of a 3-point bending device used for fiber Bragg grating tuning.

P is the load, L is the span of the 3-point bending support,
and y is the distance to the point at which the bending
strain is desired, which is measured from the neutral axis.
Thus, from Eqs (1) and (2), we realize the relationship
between v and ¢ as

48vy
= . 3
6=— (€)
The wavelength shift is in linear proportion to strain [7] as
Alp = (K6 + KTAT), €))

here, Ag is the peak wavelength of FBG, K, is the strain
constant, and Ky is the thermal constant. If the tempera-
ture is kept constant, the tuning wavelength (Alg) is
48K .vy
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From Eq. (5), the tuning wavelength is proportional to the
transverse displacement (v).

By changing v, we are able to tune the TFBG for fiber
laser application. First, we embed the FBG in the outer
laminar as shown in Fig. 1. The composite with the TFBG
embedded within is attached to a 3-point tuning device by
using instant adhesive glue. Tuning, either by straining or
compressing, the precision screw of the 3-point bending
device, we can apply transverse displacement in either
direction to easily attain a tunable range of +10nm. This
eliminates any use of complicated or bulky components to
perform the tuning function. Fig. 2 shows the super-
imposed tuning spectra of two homemade TFBGs. The
demonstrated tuning range of each FBG is approximately
15 nm with reflectivity of 99.9%. Before tuning, FBG, has
a central reflective wavelength of 1540.5nm while that of
FBG, is 1552.7nm. We demonstrate the feasibility of
FBG; by tuning it from 1535.6 to 1545.5nm and FBG; by
tuning it from 1547.7 to 1560.7 nm. Fine tuning resolution
as precise as 0.5nm for FBG is realized.

Alp = /g (5)

3. Configuration description of the TFBG laser

Fig. 3 shows the proposed scheme of the wavelength
tunable laser. This circuit includes 10m of EDF, a
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Fig. 2. Superimposed transmission spectra of two C band TFBGs, which
have a precise tuning resolution of 0.5 nm.

wavelength division multiplexing (WDM) coupler, and a
1480 nm pumping source operating at 40 mW. The 3-port
OC integrates with the FBGs, which act as reflective
mirrors to form a looped-back circuit. On the right hand
side, there is one 1 x2 OSW and two TFBGs (TFBG;,
TFBG;) connected to either output port of the OSW. By
compressing or straining these TFBGs, their overlapping
spectra could cover the C band. The determined tuning
wavelength, either the shorter C band (1530-1545nm) or
the longer C band (1546-1560nm), depends on the
switching status of the OSW. The switching speed is
10ms for this OSW. The transmission (or reflection)
spectra are not degraded even if the TFBGs are tuned to
the boundary points (1530, 1545, or 1560 nm). Note that
the maximum tuning ability of the homemade TFBG is up
to +10nm.

4. Experimental results and discussion
Fig. 4 shows superimposed optical spectra of the ring

tunable laser with a side mode suppression ratio (SMSR) of
60dB. It could cover the C-band window using the
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Fig. 3. TFBG-based ring tunable laser; PC: polarization controller; OSW:
optical switch; OC: optical circulator; TFBG: tunable fiber Bragg grating;
ISO: optical isolator; EDF: erbium-doped fiber; OSA: optical spectrum
analyzer.
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Fig. 4. Superimposed optical spectra of the ring tunable laser. The whole
C band tuning is realized by using two TFBGs with different original
wavelengths.

combined TFBGs, with tuning resolution of 0.5nm for
each TFBG. The output power increases as the reflectivity
is increased. The average output power is 0.0dBm (i.e.,
1 mW) for each channel and power variation is less than
+0.5dB over the whole tuning range. Thus, no variable
optical attenuator (VOA) is need for power equalization
laser wavelength. The coupler ratio is 10/90, with 90% of
lasing power being looped back to the ring circuit and 10%
of lasing power detected by an optical spectrum analyzer
(OSA) or power meter. Since the pumping power of the
1480 nm laser diode is 40 mW, the ring tunable laser has a
pumping efficiency of 25%.

The tunable laser proposed here is of a unidirectional
ring circuit design. It is well suited for obtaining nearly
single longitudinal mode operation due to the cancellation
of spatial hole-burning effect in the traveling wave field of
the ring circuit. Laser line width can be reduced by means

of inserting sub-ring circuit(s) in the main ring circuit as in
our prior work [8]. In this work, only a sub-ring circuit is
included composed of a polarization controller (PC) and
one 50:50 coupler. The main ring integrated sub-ring serves
as a mode filter. The laser mode oscillates only at a
frequency that simultaneously satisfies the resonant condi-
tions of both the main circuit and the sub-ring circuit. The
PC in the sub-ring circuit must be tuned to the same states
of polarization as that of the main circuit to ensure that no
polarization mode competition effect is observed. The free
spectra range (FSR) of the ring circuit is defined as
FSR = ¢/nL. The lasing wavelength is set at 1533 nm by
using one of the TFBGs and the mean refractive index of
the optical fiber is about 1.5. The lengths of the main and
the sub-ring circuits are close to 30 and 4.5 m, correspond-
ing to the FSRs of 6.6 and 44.0 MHz, respectively.
Although an RF spectrum analyzer is not available for
precise measurement of the laser line width, which is
estimated to be much narrow than that of the resolution
limitation of an OSA of 0.05 nm.

A versatile and cost-effective laser source should have the
tunable ability to allow one to choose the wavelength needed
or to scan a range of bandwidth. Our proposed TFBG lasers
are able to fulfill such requirements. In theory, the proposed
method could be applied to the whole S, C and L bands by
parallel connection of several TFBGs with a 1 x N OSW
pair. It goes without saying that TFBGs with appropriate
original central wavelengths are necessary.

5. Conclusion

We report the investigation of the ring tunable laser
based on TFBG technology. Each TFBG is embedded
inside a 3-point bending device for wavelength tuning. The
power variation, tuning resolution, tuning range and laser
line width are 0.5dB, 0.5, 25nm and less than 0.05nm,
respectively. The ring tunable laser also has 60 dB of SMSR
to ensure high-quality operation. With the features
mentioned above, the tunable laser is a potential candidate
for high-speed modulation in either a digital or analog
system. It may also find vast applications in optical
communication and optical measurement.
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