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Abstract

This paper demonstrates a multiwavelength fiber laser (MWFL) with erbium-
doped fiber amplifier (EDFA) as gain medium and Sagnac loop mirror interferom-
eter as filter. Stable and flat lasing spectrum was achieved when highly nonlinear
fiber (HNLF) was inserted into the laser cavity. The number of lasing lines and
extinction ratio (ER) was directly influenced by EDFA gain where at maximum
setting, 14 lasing lines with ER of 19 dB were generated. The stable and flat
spectrum achieved spanned about 1.6 nm. This is due to the induced intensity
dependent loss mechanism in the cavity by adjusting the half-wave plate of the po-
larization controller in combination with the HNLF. The MWFL output showed
peak power variation of about 2.1 dB within 100 minutes of observation time.

1. Introduction
Multiwavelength fiber laser (MWFL) has become one of the main attractions in many scholars, photonics

researchers and industries for the application of optical temperature sensor [1], [2]. The generation of multiwavelength
spectrum were demonstrated based on several types of gain medium, comb filter and nonlinear effect. Optical
amplifiers such as erbium-doped fiber amplifier (EDFA) [3], semiconductor optical amplifier (SOA) [4] and Raman
amplifier [5] have been utilized as gain media in multiwavelength laser. For comb filters, researchers used Sagnac loop
mirror (SLM) interferometer [6], Fabry-perot filter [7], Mach Zehnder interferometer [8], Lyot filter [9] and array
waveguide grating [10] to slice the amplified spontaneous emission (ASE) spectrum to produce the multiwavelength
laser.

Although EDFA is an excellent gain medium, its homogeneous gain broadening somewhat limits the number of
lasing lines and also caused the peak to be unstable due to high mode competition. One way to reduce this effect is to
introduce a nonlinear effect within the cavity so that the mode competition can be suppressed, thus stabilizing the
peak of each lasing line. This stabilized peak makes the MWFL lasing lines appear flatter across the spectrum. The
common nonlinear effects used are nonlinear polarization rotation (NPR) effect [11], four wave mixing effect [12],
stimulated Brillouin scattering [13] and stimulated Raman scattering [14]. In this work, the NPR effect is used to
achieve a stable and flat multiwavelength lasing.

Previously, several works on MWFL based on SLM filter were demonstrated utilizing nonlinear device of
SOA [4], [15], [16], PC and polarizer [17] and graphene-polymer nanocomposite [18] to achieve a flat and stable
multiwavelength spectrum. However, the removal of nonlinear device is not observed as the significant device for the
best flatness and stability. In this paper, we demonstrate a MWFL with EDFA as gain medium and SLM interferometer
as comb filter. With HNLF removal from the setup, the lasing lines is significantly deteriorated. The best structure
produced 14 lasing lines within 5 dB uniformity and 19 dB of extinction ratio (ER). The variation of a half-wave
plate (HWP) in the SLM interferometer also affect the overall MWFL performance.

2. Experimental setup
Figure 1 illustrates the MWFL experimental setup with EDFA as gain medium and SLM interferometer as a comb

filter. The EDFA is manufactured from Universiti Putra Malaysia and this module incorporates a microprocessor
unit to manage three different operations; automatic gain control, automatic power control (APC) and automatic
current control. For amplified spontaneous emission (ASE) operation, only APC mode is allowed as this mode able to
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provide a maximum of 18 dBm power. The laser seed (bottom arrow) is provided by the ASE from the EDFA. A
short section of HNLF (1050 m) increases the nonlinear effect in the cavity. A polarization controller (PC1) was used
in combination with 50 m polarization maintaining fiber (PMF) and 50/50 coupler to create the SLM interferometer.
The high birefringence value provided by the PMF creates phase differences in the oscillating signal. A 50/50 splitter
divided the light equally to Circulator 1 and Circulator 2. Circulator 1 ensures the light propagates to the EDFA (top
arrow) for unidirectional amplification before travelling to Circulator 2 via Port 2 then Port 3. Subsequently, the light
travels to the 50/50 coupler to the HNLF. One output port of the 50/50 coupler is connected for observation by an
optical spectrum analyzer (OSA), while the other 50% remains in the cavity for oscillation.

Figure 1. Experimental setup of MWFL based on EDFA and SLM filter

3. Operating principle
In this MWFL, the multiwavelength lasing was generated when two counterpropagating lights interacted in the

loop containing the PC1 and the PMF. The light propagating in clockwise direction will traverse the PMF before its
polarization state was rotated by PC1. The light propagating in a counterclockwise direction had the polarization
state rotated before traversing the PMF. This operating caused the light to have different phases and the interaction
cause the standing wave to be generated and subsequently the multiwavelength laser upon recombination at the 50/50
coupler [16].

The polarizer and HNLF are used to induce the NPR effect in the cavity. The NPR effect induced can either be
intensity-dependent transmission or intensity-dependent loss (IDL) mechanism. The mechanism can be selected
by adjusting the polarization controller PC2. To generate stable and flat multiwavelength laser, IDL mechanism is
favorable as it functions as an amplitude equalizer whereby the peak of each lasing line will be almost equal, hence the
appearance of a flat spectrum.

4. Results and Discussions
Figure 2 depicts the ASE signal of the EDFA used. The EDFA is a C-band amplifier ranging from 1510 nm to

1580 nm with a typical ASE spectrum with the signature hump around 1530 nm. There is no flattening mechanism
in the EDFA as shown in the figure, where the hump around 1530 nm increases more than the other wavelength as
the gain increased.

The MWFL was first observed without HNLF in the cavity. The output spectrum of the laser is depicted in
Figure 3 where there is no distinguish lasing peak observed. The peak appears around 1530 nm, overlapping with the
hump of the ASE spectrum. This is due to the homogenous gain broadening of the EDFA. When the MWFL with
HNLF was observed, it produces 14 flat lasing lines with peak power of -6 dBm and ER value of 19 dB. This proof
that HNLF reduces the mode competition in the cavity from homogenous gain broadening contributed by the EDFA
[19]. In previous work of SLM-based MWFL [4], [15]–[18], no comparison was done for with and without HNLF.

The effect of increasing the EDFA output power is shown in Figure 4. The MWFL output spectrum were
recorded at three different EDFA powers. At power setting of 10, 14 and 18 dBm, the counted lasing lines is 2, 8
and 14 within 5 dB bandwidth, respectively. It is evident from the figure that the EDFA was able to provide enough
gain and the PMF provide the filtering for multiwavelength generation. As the EDFA output power increased, the
lasing lines become more stable and flatter. Table 1 summarizes the MWFL performance at each EDFA output power
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Figure 2. ASE spectrum of the EDFA at different output power settings

Figure 3. Effect of inserting HNLF into the cavity of MWFL based on EDFA output power setting is 18 dBm

setting used. The wavelength range within 5 dB bandwidth is 0.5, 1.0 and 1.5 nm according to the increased power
setting as in Table 1.

Table 1. The wavelength range, number of lasing lines and ER at different EDFA power

EDFA power Wavelength range
(nm)

Number of lasing
line

Extinction ratio (dB)

10 0.5 2 17
14 1.0 8 17
18 1.5 14 19

The angle of HWP in PC1 was varied to study its effect on the lasing output of the MWFL, at the highest EDFA
output power setting. The output spectrum at different HWP angle is depicted in Figure 5. When the HWP angle is
0o, there was no lasing line observed. As the angle was increased by 30o each time, the lasing lines became more
stable and flatter. Finally, the most optimum lasing output was observed when the HWP angle is 120o. This different
performance at different HWP angle is because of the angle influence the polarization state of the light traveling in
the slow and fast axis of the PMF.

A stable laser source is required in an optical sensor system such as a distributed acoustic sensor or similar distributed
sensing system since its accuracy can be affected by a slight fluctuation of the source power. Figure 6 depicted the
100-minute stability test of the MFWL laser recorded every 10 minutes. From the observation, the maximum peak
power deviation is only 2.1 dB, a value good enough to classify the MWFL as a stable laser source.
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Figure 4. MWFL output spectrum at different EDFA output power setting of (a) 10 dBm, (b) 14 dBm, and (c) 18 dBm

Figure 5. Effect of HWP angle variation on the MWFL output spectrum

Figure 6. MWFL stability for observation for 100 minutes

5. Conclusion
An MWFL with EDFA as gain medium and SLM interferometer as comb filter was successfully demonstrated. The

multiwavelength spectrum is flat and stable due to the IDL mechanism as the intensity equalizer, which is induced by
the NPR effect obtained from the combination of HNLF and a polarizer. The best performance of multiwavelength
spectrum is achieved at EDFA power of 18 dBm, generating 14 lasing lines within 5 dB bandwidth with ER value
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of 19 dB. The HWP position of PC1 is rotated to study its effect on the MWFL performance where 120° is the
optimum angle. The stability test showed that the laser exhibits a mere 2.1 dB highest peak power fluctuation over
100 minutes of observation.
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