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ABSTRACT: A dual-wavelength Erbium-doped fiber laser (EDFL) is
demonstrated using a 1.5-m long EDF with a microfiber knot resonator
(MKR) structure at the output end. The MKR is fabricated by heating
and stretching a 3-cm long piece of EDF to form a microfiber, which is
then manipulated to create a knot. The performance of the EDFL is
investigated for two different MKR loop diameters. At a loop diameter
of 4 mm, dual-wavelength laser is obtained at 1532.4 and 1556.0 nm
with peak powers of 7.5 and 7.1 dBm and the corresponding optical
signal-to-noise ratios of 22 and 32 dB, respectively. As the MKR
diameter is reduced to 2 mm, the operating wavelength of laser shifts to
a shorter wavelength, especially for the second lasing with a significant
drop in output power due to the bending loss, which is more
pronounced at smaller loop diameter. The slope efficiency of the EDFL
drops from 0.55 to 0.09% as the MKR diameter decreases from 4 to 2
C 2012 Wiley Periodicals, Inc. Microwave Opt Technol Lett
mm. V
55:236–238, 2012; View this article online at wileyonlinelibrary.com.
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1. INTRODUCTION

Erbium-doped fiber (EDF) has been widely used for commercial
fiber amplifiers and lasers owing to its high optical gain and low
noise figure in 1550 nm region. Dual-wavelength and multiwavelength erbium-doped fiber lasers (EDFLs) are useful sources
in fiber-optic communication systems, fiber sensors, and many
other applications [1–3]. Due to the effect of homogeneous gain
broadening of EDF at room temperature, multiwavelength EDF
lasers experience cross-saturation between different wavelengths
that causes unstable lasing [4, 5]. To date, various techniques
have been developed to stabilize the dual-wavelength or multiwavelength operation of EDFLs such as using an elliptical core
EDF, a multimode fiber Bragg grating and linear overlapping
grating cavities [4–8]. For instance, Zhang et al. [9] reported an
EDFL with 24-wavelength lasing operation within the 3 dB
spectral range of 1573–1594 nm with the assistance of a highly
nonlinear photonic crystal fiber.
Recently, microfiber-based resonators have attracted considerable interest for emerging applications such as biomedical sensors [10], microlasers [11], nonlinear optics [12], and optical
signal processing [13], due to their small size and high quality
factor. For instance, many research efforts have focused on the
development of microfiber knot resonators (MKRs) that can
serve as optical filters, which have many potential applications
in optical communication and sensors [14, 15]. In this article, a
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Figure 1 Schematic diagram of the experimental setup for the proposed MKR-based dual-wavelength EDFL. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com]

compact dual-wavelength EDFL is demonstrated using a MKR,
which was fabricated at the output end of the EDF to act as
both filter and reflector. The effect of MKR loop diameter on
the performance of the EDFL is also investigated. The MKR is
fabricated by micromanipulating the microfiber, which was
obtained by heating and stretching a short portion of the EDF.
2. EXPERIMENT

Figure 1 shows the proposed MKR-based dual-wavelength
EDFL, which consists of a piece of highly concentrated EDF
with an MKR at one end of the fiber and WDM coupler at the
other end. A 980 nm laser diode was used as a pump, which the
light is injected into the EDF via a 980 nm/1550 nm coupler.
The gain medium is a 1.5 m long EDF with an Erbium ion concentration of about 2000 ppm, which a small section of the fiber
about 3 cm long near one of its ends was stripped for assembling the MKR. The stripped portion of the EDF was horizontally held by two fiber holders where one of them was attached
to a motorized translation stage that can be moved. A microfiber
was made by heating and stretching the uncoated EDF using
flame-brushing technique. In the process, the position of an oxybutane burner was controlled automatically, so that it can be
moved according to a specific algorithm to distribute the heat
from the burner evenly. This step is important to avoid producing rough surface on the microfiber so that the transmission loss
of the microfiber can be minimized.
The MKR was assembled by micromanipulating the fabricated microfiber. First, the microfiber was cut into two unequal
parts, where the longer part of the microfiber was twisted to
form a large loop and the end of the microfiber was inserted
inside the loop to form a knot. The required loop diameter is
obtained by gradually pulling one of the fiber ends. The shorter
part of the microfiber was coupled to the knot by van der Walls
force to collect the light transmitted out from the knot by means

Figure 2

Microscope image of the fabricated MKR
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Figure 3 Output spectra of the EDFL at two MKR diameters of 4
and 2 mm. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]

of evanescent coupling. Figure 2 shows the microscope image
of the fabricated MKR. The knot configuration was sustained by
elastic-bend-induced tensile force and friction at the intertwisted
area and thus ensuring the structural stability of the device. The
resonator cavity was formed by this MKR and a perpendicularly
cleaved fiber end at the other hand of the laser. Owing to the refractive index difference between silica glass and air, approximately 4% of light was reflected back into the cavity for laser
oscillation. The output of the EDFL was tapped from another
side of the laser and characterized by an optical spectrum analyzer (OSA) with a resolution of 0.015 nm.
3. RESULT AND DISCUSSION

Figure 3 shows the output spectrum of the MKR-based laser,
which operates at C-band region for two different MKR loop
diameters when 980 nm pump is fixed at 78 mW. As the MKR
is formed at the end of the EDF, the ASE oscillates in the loop
to allow some fraction of the light to be reflected back and
oscillates in the laser cavity. The operating wavelength is mainly
determined by the EDF gain and cavity loss in the cavity
whereby the comb-like peaks in the MKR compete to lase. As
the MKR diameter is fixed at 2 mm, two lasing are obtained at
1532.6 and 1559.4 nm with peak powers of 14.6 and 21.1
dBm, respectively. Obviously, the measured corresponding optical signal-to-noise ratios (OSNRs) were 29.6 and 25.0 dB. The

Figure 4 The peak power of the EDFL against the 980 nm pump
power. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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EDFL operates at lower peak powers and smaller wavelength
spacing as the loop diameter is changed to 2 mm.
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Figure 5 Spectral evolution of proposed EDFL with 4 mm MKR’s diameter at 78 mW pump power. The spectrum was recorded for scanning
in every 10 min

dual-wavelength operation is achieved due to the filtering characteristic of MKR, which reduces the mode competition in the
linear cavity. It is observed that wavelength spacing is smaller
as the MKR diameter is changed to 4 mm. The output power is
at least 10 dB higher with the larger MKR diameter due to the
insertion loss, which is reduced as the diameter increases. This
allows both lasers to be generated at a higher output power and
shifts the second lasing at a shorter wavelength. The insertion
loss of MKR is mainly contributed by the bending loss. At
MKR loop diameter of 4 mm, the EDFL operates at 1532.4 and
1556.0 nm with peak powers of 7.5 and 7.1 dBm, and
OSNRs of 22 and 32 dB, respectively. The operating wavelength slightly shifts to a shorter wavelength due to the changes
in the bending loss and phase shift inside the knot loop.
Figure 4 shows the peak output power of the shorter wavelength peak of the lasers against the 980 nm pump power. It is
observed that laser starts to lase at a threshold power of about
47 mW for both MKR diameters. The output laser power
increases with the pump power with a slope efficiency of 0.55
and 0.09% with MKR diameters of 4 and 2 mm, respectively.
The slope efficiency is reasonably decreased with the reduction
of MKR diameter, which contributes to the increment of the
bending loss. The low efficiency is due to the use of a short
length of EDF, which significantly produces residual pump.
Lower threshold can be acquired by improving the evanescent
field which propagates outside of the taper area. This can be
achieved by improving the Q factor of the microfiber knot structure as well as resonating both of the pumping and input signal
light in the same knot [11]. Figure 5 shows the spectral evolution of the output spectrum of the EDFL with MKR diameter of
4 mm recorded in every 10 min, which indicates the stability of
the laser. The wavelength shifts of the highest peak are observed
to be less than 0.01 nm while the output power fluctuation
measured by OSA is less than 0.1 dB. This small variation of
wavelength and output power is due to the fluctuation of the
980 nm pump power and the temperature variant.
4. CONCLUSION

A dual-wavelength EDFL operating in room temperature is demonstrated using a MKR at the output end of the EDF, which
was obtained by fabricating and manipulating the microfiber.
The two-wavelength lasing is obtained when the loop diameters
of MKR are fixed at 2 and 4 mm. The laser operates at 1532.4
and 1556.0 nm with peak powers of 7.5 and 7.1 dBm,
respectively. Both laser output is stable with an OSNR of more
than 22 dB at room temperature. Due to the bending loss, the
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ABSTRACT: Well-known measurement inaccuracy issues for
electrically small multiple-input–multiple-output (MIMO) antennas
incurred by conventional metallic cable and feed effects are mitigated
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