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A dual-wavelength (DW) fiber laser with a closely spaced single longitudinal mode (SLM) output is
proposed and demonstrated. The proposed fiber laser utilizes a conventional fiber Bragg grating with
a center wavelength of about 1546.8 nm in conjunction with an ultranarrow bandwidth tunable optical
filter to generate the desired DWSLM output. Observations with a very high resolution optical spectrum
analyzer, which was capable of achieving resolutions up to 0.16 pm, revealed detailed spectral character-
istics not characteristically seen before. A channel spacing of up to 58 nm was realized, and spacing as
small as 2 pm was achieved. The minimum channel spacing and its resulting beat frequency are the nar-
rowest observedyet to thebest of ourknowledge for aDWfiber laserat roomtemperature. ©2014Optical
Society of America
OCIS codes: (060.0060) Fiber optics and optical communications; (060.2410) Fibers, erbium;

(060.2840) Heterodyne; (060.3735) Fiber Bragg gratings; (060.5625) Radio frequency photonics.
http://dx.doi.org/10.1364/AO.53.004123

1. Introduction

Radio frequency (RF) generation has received great
interest in many research fields because of its poten-
tial for use in applications, such as communications
and satellites, wireless LAN, radio-over-fiber net-
works, medical devices, and optical sensing compo-
nents [1–3]. There are two main techniques for
generating the RF, and these two techniques include
electronic circuitry and optical fiber based schemes.
The conventional way used to generate the RF is
based on electronic circuitry, however, has some dis-
advantages in terms of complexity and cost [4]. On
the other hand, RF generation based on optical fiber

schemes is more reliable and practical for RF
applications, which can be realized using various ap-
proaches, such as optical-injection locking [5], optical
phase-locked loops (OPLL) [6,7], cascaded Brillouin
fiber lasers [8], external modulation [9], and dual-
wavelength (DW) laser generation [10–12]. Among
these approaches, DW laser generation has the ad-
vantage of a simple setup configuration as well as
low cost and power consumption. In addition, this ap-
proach can also provide tuning ability [12–14] and a
narrow linewidth [15], thus making it a desirable ap-
proach for RF generation.

In general, a DW output laser, which is based on
different frequencies through beating at the photo-
detector, has the potential to generate RF, micro-
wave, or even terahertz radiation [16–18]. Various
methods have been reported for realizing RF
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generation based on DW fiber lasers, such as by us-
ing two-arrayed waveguide gratings (AWGs) [14]
implemented with a distributed feedback (DFB)
structure and a separate cavity [19], and by using
a pair of fiber Bragg gratings (FBGs) [10]. In order
to realize RF generation, an oscillation rate between
about 3 kHz and 300 GHz is required.

Narrow DW spacing using various techniques has
been reported recently. Liu et al. [20] reported a DW
spacing as small as 0.05 nm, which was achieved by
applying strain to the polarization-maintaining-FBG
(PM-FBG). However, the use of an all-PM linear cav-
ity, which is formed by a uniform PM-FBG and a PM
linearly chirped FBG (PM-LCFBG), is expensive and
complex. A report from Li et al. [12] shows that by
embedding a pair of gratings in phosphate glass fiber,
DW spacing as narrow as 0.03 nm can be obtained.
However, the approach of writing FBGs in special
fiber would eventually increase the cost of the experi-
ment setup. A different approach was proposed by
Xiu-Jie et al. [21], and in this approach one employs
a fiber loop mirror (FLP) together with a polarization
controller (PC) as a means to generate a fine comb-
like spectrum. With this technique, a narrow DW
spacing of 0.07 nm can be achieved. Nevertheless,
the disadvantage of this method is that the setup is
quite complex since a double-stage cascade configu-
ration and an erbium-doped fiber amplifier (EDFA)
module are used. In this work, a tunable DW single
longitudinal mode (SLM) fiber laser for RF genera-
tion is proposed using a regular FBG and an ultra-
narrow bandwidth (UNB) tunable filter, which can
be tuned from 58 pm to as small as 2 pm. To the best
of our knowledge, this is the narrowest wavelength
spacing achieved from DW fiber lasers at room tem-
perature. The resulting RF generation ranged from
0.25 to 7.27 GHz, which also verifies that the dual
wavelength is operating in a SLM regime.

2. Experimental Setup

The experimental setup of the proposed tunable DW
fiber laser is illustrated in Fig. 1. The setup uses a
3 m long erbium-doped fiber (EDF) with an absorp-
tion coefficient of approximately 24 dB/m as the ac-
tive medium of the laser. A 980 nm laser diode (LD)
with a maximum output power of 80 mWwas used to
pump the EDF to its excited state, with the pump sig-
nal being injected into the cavity via the 980 nm port
of a 980/1550 nm wavelength division multiplexer
(WDM). The 3 m long EDF is connected at one end
to the common port of the WDM, while the other end
of the EDF is connected to port 1 of an optical circu-
lator (OC). Port 2 of the OC is connected to an FBG
with a center wavelength, λB, of about 1546.8 nm
with a 3 dB width of 0.019 nm. The FBG acts as a
wavelength locker and reflects wavelengths within
a range of 1546.781–1546.816 nm back into the cav-
ity to oscillate, while wavelengths that fall outside of
this central region are ejected from the cavity. The
returning signals travel from port 2 to port 3 of
the OC, re-entering the cavity and propagating

forward toward a PC before reaching the UNB opti-
cal filter. The UNB optical filter is a model XTM-50
from Yenista, which has a filter range of 850–50 pm,
and it is capable of creating both a wide or narrow
bandwidth filter.

The filtered output from theUNB optical filter con-
tinues to propagate along the laser cavity until it en-
counters a 90∶10 optical coupler, which is used to
extract a portion of the beam for further analysis.
The remaining 90% of the optical signal travels
back toward the 1550 nm port of the WDM, thus

Fig. 1. Schematic diagram of the proposed tunable DW spacing
using a tunable filter. LD, laser diode; EDF, erbium-doped fiber;
WDM, wavelength division multiplexer; FBG, fiber Bragg grating;
OSA/PD, optical spectrum analyzer/potential difference; UNB,
ultranarrow bandwidth; PC, polarization controller.

Fig. 2. Enlarged FBG’s reflectivity output spectrum observed
from 0.02 nm to 0.16 pm resolutions on an OSAwith a 0.5 nm span
(inset: the FBG reflection spectrum observed from a 0.02 nm res-
olution on an OSA with a 100 nm span).
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completing the laser cavity. The total cavity length
was measured to be about 15 m. The extracted signal
was analyzed by a high resolution APEX AP2051A
optical spectrum analyzer (OSA 1), which had a res-
olution of 0.16 pm, and also alternatively with an
ANDO AQ6317C optical spectrum analyzer (OSA 2),
which had a resolution of 0.02 nm.

3. Results and Discussion

The FBG reflection’s spectrum is shown as an inset
in Fig. 2, which was taken using an OSA with a res-
olution of 0.02 nm. The spectrum has a full width at
half-maximum (FWHM) of 0.25 nm. This FBG, which
is connected to the ring cavity through the OC, allows
lasing action with the output shown in Fig. 2. The
outer trace was taken using a standard OSA 2 with
a resolution of 0.02 nm, and the inner trace was

taken using an OSA 1 with a resolution of 0.16 pm.
As can be seen from the figure, the trace taken with
the high resolution OSA provides details of the lasing
trace, which was composed of many lines that are
indicative of many longitudinal modes oscillating
at the same time. The wavelength span was from
1546.76 to 1546.82 nm, and the peak power ranged
from −8 to −16.97 dBm.

For the DW generation, these many longitudinal
modes have to be reduced to only two modes of oscil-
lation. This step was aided by use of the UNB optical
filter, as shown in Fig. 1. The bandwidth of the UNB
is adjustable so that it can be varied from 2.0
to 58.0 pm.

The measured trace using the UNB optical filter in
the cavity is shown in Fig. 3(a), which was taken from
OSA 2with a linewidth of 0.019 nm at 3 dB. The trace

Fig. 3. DW fiber laser output with different spacing. (a) Output spectrum taken from OSA 2 with a resolution of 0.02 nm, (b) output
spectrum taken from OSA 1 with a resolution of 0.16 pm and giving a DW spacing of 2 pm with a signal-to-noise ratio (SNR) of 37.5 dB,
(c) spectrum fromOSA 1 giving a DW spacing of 30.5 pmwith a SNR of 57 dB, (d) spectrum fromOSA 1 giving a DW spacing of 32.5 pmwith
a SNR of 58 dB, and (e) spectrum from OSA 1 giving a DW spacing of 58.0 pm with a SNR of 56.5.
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shows a single line oscillation riding on top of a broad
amplified spontaneous emission (ASE) output.
Detailed analysis of this output was taken using
OSA 1, as shown in Fig. 3(b), with a resolution of
0.16 pm. It can be inferred from this data that there
were two lines oscillating simultaneously, and these
two lines had linewidths of 0.22 and 0.02 pm at 3 dB
with a line spacing of 2 pm. At this high resolution,
OSA 1 does help to provide a deeper analysis of the
laser oscillation with wavelength spacing as indi-
cated above. Using an FBG together with a UNB op-
tical filter, we were thus able to create a DW output
as shown. By adjusting the bandwidth of the UNB
optical filter from 50 to 220 pm, the spacing between
the two lines can be further increased to 30.5 pm, as
shown in Fig. 3(c). By further adjusting the setting of
the bandwidth filter, the spacing was further in-
creased from 32 to 58 pm at settings of 440 and
650 pm, respectively, as shown in Figs. 3(d) and 3(e).

Figure 4 shows the measured RF spectrum using a
high-speed photodetector (Agilent 83440C, with a
bandwidth of 20 GHz) together with an RF spectrum
analyzer (Anritsu MS2667C RFSA); these were
taken from the DW output of the ring laser. From
the trace, for the case where the spacing of the two
lines was at 2 pm, the measured RF was 0.251 GHz.
Due to the presence of a single line in the RF spec-
trum analyzer, it can be inferred that the DW fiber
laser was operating in a SLM regime.

Figure 5 shows the measured RF spectrum output
that was taken at different DW spacings of 2, 30.5,
32, and 58 pm, which gave RF signals at 0.251,
3.82, 4.07, and 7.27 GHz, respectively. It should be
noted that the spectrum given in Fig. 5 is a superpo-
sition of the different frequency peaks in the actual
measurement; only a single peak is visible for each
channel spacing configuration.

The above measurement clearly indicates that
the proposed configuration provides a wide tunabil-
ity in the generation of the RF signal. This will find

applications in optical sensing and as an RF source
for radio-over-fiber networks.

4. Conclusion

A tunable DW SLM fiber laser using a regular FBG
together with an ultranarrow tunable filter in a ring
cavity is demonstrated. Spectrum measurements
were taken using a high resolution OSA with a res-
olution of 0.16 pm, which allowed for an in-depth
analysis of the optical output that could not be real-
ized before. The proposed design allows for a tunabil-
ity of up to 58 pm between the two generated lasing
wavelengths, which then gives it a corresponding
tunability range in the RF spectrum. The minimum
channel spacing of 2 pm is to our knowledge the nar-
rowest channel spacing reported yet, with a corre-
sponding beat signal of 0.251 GHz. Observations of
the RF output confirmed SLM operation with only
a single peak. The proposed laser has significant
potential for use as RF sources for radio-over-fiber
applications.

We would like to thank University of Malaya for
providing the funding for this work under grant
RU002/2013.
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