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A switchable dual-wavelength erbium-doped fiber laser
based on saturable absorber and active optical fiber ring
filter’
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A dual-wavelength erbium-doped fiber laser (EDFL) with outstanding stability is presented. In the fiber laser system,
two nested active optical fiber ring filters are configured to improve the comb spectrum performance, a saturable ab-
sorber is employed to form a gain grating for both filtering and frequency stabilizing, two cascaded fiber Bragg grat-
ings (FBGs) are utilized to achieve dual-wavelength output, and a variable attenuator is arranged to adjust output
power. Experimental results illustrate that the peak wavelength drift is less than 3 pm, and a good linear relationship
between output power and pump power is realized.
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Dual-wavelength erbium-doped fiber laser (EDFL) can
be widely used in such applications as optical fiber sens-
ing, optical testing, optical fiber communication and
wavelength division multiplexing (WDM)!"™* because of
its advantages”®™®. J. H. Han et al"” use two fiber Bragg
gratings (FBGs) with different center wavelengths to
achieve double-wavelength output, whose wavelength
spacing is within 1 nm, but as a result of the wide reflec-
tion spectrum of fiber grating, the longitudinal mode of
the laser output is relatively dense, which affects the sta-
bility of the laser output!'®. D. S. Moon et al!'"! put two
FBGs into a Sagnac loop, so as to improve the stability
of the cascaded grating dual-wavelength laser. X. Liu et
all'"? adopt a comb filter composed of two cascaded long
period fiber gratings with different lengths to stabilize
the laser output. On the basis, a variety of filtering and
frequency stabilizing structures, for example, compound
cavity!'"), saturable absorber (SA)!'"*'*!, Fabry-Perot (F-P)
filter''”), optical fiber feedback ring!"® and high fine-
ness comb filter structure!'”, can be added into the sys-
tem to improve the stability of the laser output.

In this paper, a dual-wavelength EDFL incorporating
an active optical fiber ring filter structure is presented, in
which an SA and an active optical fiber filter are com-

bined to effectively suppress the undesirable longitudinal
modes. The active ring filter consists of a 2x2 fused taper
type coupler and a 2 m-long active optical fiber. Swit-
chable output between two wavelengths is achieved. The
power property and stability of the system are analyzed.
The experimental results show that the peak wavelength
drift of the system is less than 3 pm, and the output laser
light power is in good linear relationship with the pump
light power.

The experimental setup of the switchable dual-wave-
length EDFL consists of four parts as shown in Fig.1. In
the adopted circular cavity structure, a 976 nm laser di-
ode (LD) from Oclaro Company is used as the pump
source, and the pump light is coupled through a WDM
device into a 7.8 m-long erbium-doped fiber (EDF1), as
shown in the dashed block I of Fig.1. An optical circula-
tor makes the laser in a travelling wave state, and the
port 2 of the optical circulator is connected with two
FBGs (FBGI and FBG2). The reflection wavelengths are
1 535 nm and 1 540 nm, respectively, and the reflectivity
is 98%. By adjusting a variable attenuator (VA),
switchable laser outputs of 1 535 nm and 1 540 nm can
be achieved, as shown in the dashed block I1I of Fig.1. A
1x2 fused taper type coupler (Couplerl) shown in the
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dashed block IV of Fig.1 is used to output laser, whose
splitting ratio is 10:90. The 10% terminal is monitored
by an optical spectrum analyzer (OSA, Yokogawa
AQ6370c 600—1 700 nm), and the resolution is 0.02 nm.
In the dashed block III of Fig.1, a 2 m-long active optical
fiber as an SA is fusion spliced between FBG1 and the
optical circulator to suppress the wavelength drift. As
shown in the dashed block II of Fig.1, an active optical
fiber ring filter is incorporated through Coupler2 to im-
plement the filtering effect and further improve the sta-
bility.

Fig.1 Experimental setup of the switchable dual-wave-
length EDFL

The free spectral range (FSR) is inversely proportional
to the cavity length according to the principle of ring
cavity laser as

c

FSR T (1)
where L is the total cavity length, » is the average refrac-
tive index of the fiber which is assumed as 1.446, and ¢
is the speed of light in vacuum.

For the two wavelengths, the total cavity lengths are
approximately 21 m and 22 m, corresponding to two
FSRs of 9.879 MHz and 9.430 MHz, respectively. Be-
cause the FSR is proportional to longitudinal mode
spacing, the smaller the FSR, the denser the longitudinal
modes of the laser output, the more apparent the mode
jump phenomenon, and the more considerable the wave-
length drift of the output laser light. The primary circular
cavity can be incorporated with optical FBG as the cavity
mirror to apply the effect of energy feedback and fre-
quency selecting, which can not only decide the
dual-wavelength output, but also act as a mode limiting
element by providing preliminary selection for possible
lasing modes. However, due to the wide bandwidth of
optical FBGs, an SA can be added in the laser to filter
and stabilize frequency. Here an un-pumped EDF seg-
ment with length of 2 m is added as the SA. In this seg-
ment, the incident and reflected light waves encounter
with each other and produce mixing interference, devel-
oping a periodic interfered light intensity distribution, by
which the caused gain saturation forms a gain grating in
the doped fiber. The investigations already carried out in
Ref.[15] indicate that this gain grating has a certain fil-
tering and frequency stabilizing effect. However, in
common doped fiber, the random variation in the polari-
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zation states of these two light waves can degrade the
contrast of the interfered intensity distribution, which
leads to that the gain grating is unstable, so for achieving
effective filtering and frequency stabilizing, a relatively
long fiber is usually needed, and the polarization state is
necessary to control. Nevertheless, too long un-pumped
doped fiber will cause an over-strong absorption, it is not
easy to accurately control the polarization state, and the
effect of filtering and frequency stabilizing could be lim-
ited. For these reasons, the experimental setup is fusion
spliced with an active optical fiber ring filter in the ring
cavity structure to suppress the wavelength drift and to
realize filtering.

According to Vernier principle®®”, if the lengths of
primary and secondary rings are assumed to satisfy

L 2m
o 2)
L 2n+l

where L,, and L, are the lengths of the primary and sec-
ondary rings, m and n are positive integers with no
common factors, the effective FSR can be given by

FSR =2mFSR, = (2n+1)FSR, . 3)

It means that the effective FSR of an EDFL in multiple
ring cavity form is the least common multiple (FSR,,
FSR,) of the primary and secondary ring cavities. In the
experimental setup, the secondary ring cavity is the ac-
tive optical fiber ring filter shown in the dashed block II
of Fig.1, which is composed of a 2x2 50:50 fused taper
coupler (Coupler2) and an active optical fiber (EDF2). If
the length of the active optical fiber ring filter is 3 m,
according to Eq.(1), the FSR is 69.156 MHz, which can
increase the FSRs of two wavelengths mentioned above.
Compared with the single ring cavity structure, the
modes of the multiple-ring-cavity EDFL are more sig-
nificantly suppressed.

The splitting ratios of the 3 dB Coupler2 are 50:50 for
1 550 nm and 10:90 for 976 nm, which enables that 10%
of the pump power enters the secondary ring at port E,
and a gain g and a time delay 7 are obtained after it
passes through EDF2. The time delay is calculated as
0.091 ns according to!"”’

_2n

T= ﬁ . (4)

This portion of pump light then enters Coupler2 at port
E; and returns to the primary ring cavity at port E,.
The transmission function T of the filter is given as

7

T= .
1+ g*(1—r)—2g~\1—r cos(wr)

©)

Assuming that the coupling factor is »=0.5 and the
gain is g=1.2, the transmission of the active optical fiber
ring filter can be simulated as shown in Fig.2. It can be
seen from Fig.2 that the frequency response of the filter
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is a comb spectrum. Therefore, theoretically, the filter
can act as a mode jump inhibitor so as to improve sys-
tematic stability.
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Fig.2 Transmission of the active optical fiber ring filter

The 976 nm LD is firstly used to pump a gain fiber
with length of 7.8 m directly. The port 2 of the circulator
is connected with FBG1 and FBG2. It is observed by a
spectrometer that the system generates laser light at 1540
nm when the pump power reaches 58 mW, and the spec-
trum is shown in Fig.3. By adjusting the VA, single
wavelength output can be switched between 1535 nm
and 1540 nm. Because there are a lot of longitudinal
modes in the reflection spectrum of the FBGs, and these
longitudinal modes circulate in the ring cavity, one part
of the modes forms the laser output, while the other part
becomes the noise affecting the stability of the laser
output.
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Fig.3 Spectrum of laser output at 1540 nm

After adding the 2 m SA, the peak drifts of these two
wavelengths are both approximately 5 pm. On this basis,
when the active optical fiber ring filter is incorporated,
the peak wavelength drift of 1 535 nm becomes less than
2 pm, and that of 1 540 nm becomes less than 3 pm. The
wavelength stabilities with and without the active optical
fiber ring filter at 1 535 nm and 1 540 nm are shown in
Figs.4 and 5, respectively. It indicates that the active op-
tical fiber ring filter further improves the wavelength
stability.
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Fig.4 Stabilities of 1535 nm with and without the ac-
tive optical fiber ring filter
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Fig.5 Stabilities of 1540 nm with and without the ac-
tive optical fiber ring filter



ZHU et al.

The output power versus the pump power for the sys-
tem is shown in Fig.6. It can be seen that for both 1535
nm and 1540 nm, the output laser power is in good linear
relationship with the pump power, and the maximum
output powers are 1.35 mW and 1.52 mW, respectively.
The power stability of laser is measured with a pump
power of 145 mW, which is shown in Fig.7. For 1535
nm and 1540 nm, peak power variations are less than
0.010 mW and 0.012 mW, respectively.
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Fig.6 Output power versus pump power
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Fig.7 Power stabilities of the laser for 1535 nm and 1540
nm with pump power of 145 mW

After the active optical fiber ring filter is added into
the ring cavity, the threshold pump power of the system
is 87 mW when the laser works in single longitudinal
mode state with a central wavelength of 1 540 nm. When
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the pump power is increased to be 113 mW, the output
laser powers of 1 535 nm and 1 540 nm shown in Fig.8(a)
and (b) can be adjusted separately by the VA. The powers
of these two wavelengths can also be adjusted by the VA
to be nearly equal as shown in Fig.8(c). It indicates that
the output of the fiber laser configuration can be
switched between two wavelengths.
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Fig.8 Adjustment of the output laser power for (a) 1535
nm and (b) 1 540 nm, and (c) the power of both wave-
lengths to be nearly equal

A switchable dual-wavelength EDFL incorporating an
active optical fiber ring filter is demonstrated with stable
output power for both wavelengths. Experimental results
show that the output laser wavelength drift phenomenon
is effectively suppressed to be 2-3 pm. The output power
and the pump power are in a good linear relationship. For
the wavelengths of 1 535 nm and 1 540 nm, the peak
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power variations are less than 0.010 mW and 0.012 mW,
and the output powers of the laser are 1.34 mW and 1.53
mW, respectively. The demonstrated fiber laser has the
advantages of compact structure, flexible wavelength
selection and stable laser output, so it has promising ap-
plication prospect.

For the purpose of further improving the demonstrated
system, the gain fiber with higher doping concentration
can be adopted to increase the output power, and more
FBGs can be cascaded to generate laser output with more
wavelengths.
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