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Multi-wavelength fiber ring laser based on a chirped moiré
fiber grating and a semiconductor optical amplifier
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A simple and cost-effective multi-wavelength fiber ring laser based on a chirped Moiré fiber grating (CMFG)
and a semiconductor optical amplifier (SOA) is proposed. Stable triple-wavelength lasing oscillations at
room temperature are experimentally demonstrated. The measured optical signal-to-noise ratio (SNR)
reaches the highest value of 50 dB and the power fluctuation of each wavelength is less than 0.2 dB within
a 1-h period. To serve as a wavelength selective element, the CMFG possesses excellent comb-like filtering
characteristics including stable wavelength interval and ultra-narrow passband, and its fabrication method
is easy and flexible. The lasing oscillation shows a narrower bandwidth than SOA-based multi-wavelength
fiber lasers utilizing some other kinds of wavelength selective components. Methods to optimize the laser

performance are also discussed.
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Fiber lasers exhibit many attractive features such as in-
herent single transversal mode and compatibility with
optical fiber systems. In recent years, there is a surge of
interest in multi-wavelength fiber lasers, since they are
potentially useful for dense wavelength division multi-
plexed (DWDM) fiber-communication systems, optical
fiber sensor networks, and spectroscopy. Both erbium-
doped fiber (EDF) and semiconductor optical amplifier
(SOA) have been used as gain media for multi-wavelength
fiber lasers. In order to achieve stable EDF-based multi-
wavelength lasing in the 1550-nm optical window at
room temperature, one must overcome the homogenous
line broadening and cross-gain saturation of EDF to
suppress the unstable mode-hopping. Till now, vari-
ous methods and fiber structures have been proposed
to solve the problem!' 9. But some of these approaches
are not suitable for practical applications because of the
complexity or the high cost of the system. SOA has
a dominant property of inhomogeneous line broadening
and can yield a very wide optical gain bandwidth so as
to support many wavelength lasing oscillations simulta-
neously in the laser cavity 1912l Meanwhile, to obtain
stable multi-wavelength lasing, the mechanism for wave-
length selection has also been widely investigated, such
as the combination of several fiber Bragg gratings!'®,
Mach-Zehnder interferometers>'%, Sagnac fiber loop
mirrors!' 3!, sampled fiber Bragg gratings (FBGs)[7—14

Fabry-Perot etalon”~!, and chirped Moiré fiber grat-
ings (CMFGs) written in Er®*-Yb3* co-doped optical
fiberl®l.

In this letter, the CMFG written in normal hydrogen-
loaded optical fiber is chosen to implement wavelength
selection. The CMFG is an ideal transmissive comb filter
with stable wavelength spacing, narrow filtering band-
width, and uniform channel transmittance. It has extra
advantages of low cost, easy fabrication, and flexible tun-
ing of wavelength interval within a large band depending
on the chirp value. A simple ring laser configuration

)

1671-7694/2009/060469-03

based on a SOA as gain medium and a three-passband
CMFG as wavelength selective element is proposed. Sta-
ble triple-wavelength lasing oscillations with wavelength
spacing of about 0.36 nm have been experimentally
demonstrated. The measured optical signal-to-noise ra-
tio (SNR) reaches the highest value of 50 dB and the
power fluctuation of each wavelength is less than 0.2 dB
within a 1-h period.

A CMFG consists of two superimposed linearly chirped
fiber Bragg gratings (CFBGs), which have the same chirp
value and peak index modulation and differ only in their
central wavelengths. Usually, it can be formed by writing
the two CFBGs successively into the same part of a fiber
and using the same phase mask with only a small lon-
gitudinal offset D between the double exposures which
is adopted in this letter and depicted in Fig. 1. In
essence, the moiré technique makes the refractive index
modulation of the fiber core have a slowly varying sinu-
soidal envelope and introduces a m phase shift between
two closely spaced sections of grating, resulting in the
formation of one or more ultra-narrow passbands. For a
given chirp, the interval of the passbands can be tuned
by the offset D while the channel number is related to
D and the grating length LI'®!. This fabrication method
obviously possesses a great advantage of repeatability
and flexibility.

The schematic of the experimental setup for the pro-
posed multi-wavelength fiber ring laser is shown in Fig.
2. A CMFG containing three transmission peaks is
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Fig. 1. Fabrication of CMFG by dual-exposure method with
chirped phase mask.
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Fig. 2. Schematic of the experimental setup.

incorporated in the ring cavity, serving as a comb-like
multi-channel filter to provide periodic loss in the spec-
trum domain for multi-wavelength lasing.

A CFBG which had a reflectivity of about 90% was uti-
lized as the broadband reflective mirror and the output
port of the laser. Figure 3 displays the measured reflec-
tive spectrum of the CFBG and transmission spectrum of
the CMFG. The central wavelength of CFBG is the same
as that of the CMFQG, and the reflective bandwidth of
the former is narrower but covers the three passbands of
the latter. The circulator in the ring cavity provided uni-
directional lasing oscillation. An ANDO AQ6319 optical
spectrum analyzer (OSA) with the resolution of 0.01 nm
was used to do all the measurements. It should be noted
that the observed transmittance non-uniformity of three
narrow transmission peaks of the CMFG was limited by
the scanning resolution of the OSA.

Initially, the amplified spontaneous emission (ASE)
from the SOA passes through the CMFG which is sup-
posed to act as a comb filter, but the extra-band light
will also go along with the three needed in-band ele-
ments. Then the CFBG cooperating with the circulator
will filter out the extra-band light and reflect most of
the needed light back to the ring structure. The multi-
wavelength elements are subsequently amplified by the
SOA, which is an inhomogeneous broadening medium.
After passing through the CMFG and reflected by the
CFBG, a larger portion of the multi-wavelength power is
reintroduced to the SOA and reinforced. Such a process
will continue until overall gain of the SOA is equal to the
loss of the cavity. In this case, a stable multi-wavelength
lasing operation can be established.

Figure 4 shows the output spectrum of triple-
wavelength lasing operation at 1547.42, 1547.788, and
1548.149 nm corresponding to the three peak wavelengths
of the CMFG when the SOA is driven with the injection
current of 350 mA. Sixteen successive scans of the sys-
tem output with a time interval of 5 s are carried out,
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Fig. 3. Measured reflective spectra of CFBG and CMFG.
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Fig. 4. Measured output spectrum of the triple-wavelength
lasing operation.
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Measured lasing output spectra with 16 repeating

and the result is recorded in Fig. 5 which indicates a good
short-term wavelength stability of the laser. In order
to study the long-term stability of the multi-wavelength
operation at room temperature, the output power fluc-
tuation at each peak wavelength was measured for
1 h, and it was less than 0.2 dB.

It is the inhomogeneous gain broadening effect of the
SOA that supports the stable multi-wavelength lasing.
Meanwhile, it will widen the bandwidth of each lasing
compared with those from homogeneous broadening me-
dia. Nevertheless, the CMFG shows an ultra-narrow fil-
tering characteristic, which ameliorates the lasing band-
width. The 3-, 20-, and 40-dB bandwidths of the las-
ing at 1548.149 nm were measured to be 0.024, 0.081,
and 0.18 nm, respectively. These performance parame-
ters are better than the previous reports that use SOA
as the gain medium and Sagnac loop, sampled gratings,
etc. as wavelength-selective component.

The maximum extinction ratios of the multi-
wavelength laser output and the minimum one are about
50 and 40 dB, respectively. The deterioration of extinc-
tion ratio is induced by the two sidebands in both sides of
the three dominant wavelengths (see Fig. 3), which can
be suppressed by reducing the bandwidth of the CFBG.
The output power difference among the three lasing os-
cillations may be caused by the inconsistent reflectivity
of the CFBG at each lasing wavelength.

Since the SOA is polarization-dependent to a certain
degree, a polarization controller (PC) can be placed in
the ring structure and adjusted so as to equalize each
lasing output power. In the experiment, the connecting



June 10, 2009 / Vol. 7, No. 6 / CHINESE OPTICS LETTERS 471

joint between every two components in the laser config-
uration was active FC/PC joint, and this increased the
cavity loss. Replacing the active joints by splicing ones,
lower threshold and higher output power can be obtained.

The phase mask with which the CMFG and the CFBG
were fabricated had a chirp of 1 nm and three transmis-
sion peaks with an interval of 0.36 nm were achieved.
With this phase mask, variable wavelength amount and
interval can be realized by precisely tuning the offset dur-
ing the process of grating fabrication, but all the trans-
mission peaks of the CMFG are limited in the bandwidth
determined by the phase mask period and the fiber pa-
rameters. More wavelengths and the wavelength interval
meeting the DWDM requirements are expected when us-
ing a phase mask with a higher chirp value.

We also experimentally investigated the temperature
dependence of the CMFG. The results show that the
transmission-peak wavelengths shift with the tempera-
ture simultaneously and have the same temperature co-
efficient as the normal FBG, and their transmittances re-
main unchanged. Therefore, the lasing wavelength can be
fine tuned by controlling the temperature of the CFMG
and the CFBG keeping the wavelength spacing invariant.

In conclusion, a multi-wavelength fiber ring laser
source based on a SOA and a CMFG written in nor-
mal hydrogen-loaded optical fiber is proposed, and sta-
ble triple-wavelength lasing oscillations with the wave-
length interval of about 0.36 nm have been experimen-
tally demonstrated. The measured optical SNR reaches
the highest value of 50 dB and the power fluctuation of
each wavelength is less than 0.2 dB within a 1-h period.
Due to the ultra-narrow comb filtering characteristic of
CMFG, narrower lasing bandwidth is achieved compared
with SOA-based lasers utilizing other wavelength selec-
tive components. Besides, the fabrication technology of
CMFG is less expensive and more flexible than that of
sampled gratings requiring precise apodization or phase
shifts. All these make it an excellent wavelength selec-
tive component in the lasing operation. This laser scheme
presents a simple and cost-effective solution to produce
stable multi-wavelength lasing oscillations at room tem-
perature.
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