Article

1
ECORFAN Journal- Taiwan

June, 2023 VVol.7 No.13 1-6

Switchable emissions of an Erbium-doped fiber laser using cascaded MZls based on

CHCF

Emisiones conmutables de un laser de fibra dopada con Erbio utilizando MZIs en

cascada basados en CHCF

HERRERA-PIAD, Luist*, VELAZQUEZ-GONZALEZ, Felipe, DURAN-PEREZ, Oscar and

BRIANZA-GORDILLO, Gerardo

Universidad Tecnologica de Aguascalientes, CICMA, Mechatronics Department, Blvrd Juan Pablo 11, Aguascalientes 20200,

México

ID 1 Author: Luis, Herrera-Piad / ORC ID: 0000-0002-6204-0193, CVU CONAHCYT ID: 546217

ID 1% Co-author: Felipe, Velazquez-Gonzalez / ORC ID: 0009-0002-2129-7643

ID 2" Co-author: Oscar, Duran-Perez / ORC ID: 0009-0007-7084-7556, CVU CONAHCYT ID: 238023

ID 3" Co-author: Gerardo, Brianza-Gordillo/ ORC ID: 0000-0002-9384-643X, CVU CONAHCYT ID: 668961

DOI: 10.35429/EJT.2023.13.7.1.6

Received March 20, 2023; Accepted June 30, 2023

Abstract

In this work, a single and dual-wavelength erbium-
doped fiber laser (EDFL) based on two Mach-
Zehnder interferometers (MZIs) in cascade structure
was experimentally validated. MZIs were assembled
by joining a capillary hollow-core fiber (CHCF)
piece between two multimode fibers (MMFs)
sections. The switchable operation is reached by
moving the spectrum of one MZI when the
temperature is increased. The maximum measured
signal noise to ratio (SNR) was more than 50 dB for
the single and dual-wavelength laser lines. Besides,
stable output is shown since no power and
wavelength variations were noticed. It is important to
mention that emissions are obtained at precise
wavelength positions and not arbitrarily as described
by other investigations. This EDFL can be used in
applications of optical fiber communications systems
and fiber sensing.

Erbium-doped fiber laser, Mach-Zehnder
interferometer, Multiwavelength laser emission

Resumen

En este trabajo, se validé experimentalmente un laser
de fibra dopada con erbio (EDFL) con emision
simple y dual, basado en dos interferometros Mach-
Zehnder (MZI) en cascada. Los MZI se ensamblaron
uniendo una pieza de fibra de nicleo hueco capilar
(CHCF) entre dos secciones de fibras multimodo
(MMF). La operacién conmutable se logra
desplazando el espectro de un MZI cuando se
aumenta la temperatura. El valor médximo medido de
relacion sefial a ruido (SNR) fue de méas de 50 dB.
Ademas, se muestra una salida estable ya que no se
observaron variaciones de potencia ni de longitud de
onda. Es importante mencionar que las emisiones se
obtienen en posiciones de longitud de onda precisas
y no de manera arbitraria como lo describen otras
investigaciones. Este EDFL se puede utilizar en
aplicaciones de sistemas de comunicaciones de fibra
Optica y sensores.

Laser de fibra dopada con erbio, Interferémetro
Mach-Zehnder, Emision maltiple
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Introduction

Multiwavelength erbium-doped fiber lasers
(EDFLs) are used for different applications like
wavelength division multiplexing [1], [2],
optical fiber sensing [3], [4], and microwave
photonics [5], [6]. In this kind of lasers, unstable
emissions is commonly appreciated [7-9].
Several optical fiber structures have been
implemented to fabricate interferometers for this
lasers. Y. Lv et al. [10] recommended a Mach-
Zehnder interferometer (MZ1) with a triple-core
pho-tonic crystal fiber to obtain single, dual and
triple-wavelength EDFL.

The side-mode  suppression  ratio
(SMSR) was 50, 45, and 37 dB for single, dual,
and triple-wavelength emission, respectively,
and the 3 dB linewidth was 0.026 nm. The power
fluctuations for single, dual, and triple-
wavelength emissions were 0.44, 0.77, and 0.96
dB, respectively. Y. Qi et al. [11] proposed a
switchable single, dual, and triple-wavelength
EDFL, depending on a MZI using the core-offset
technique with 57 cm of few-mode fiber
between two single-mode fibers (). A signal-
noise ratio (SNR) of 54, 43, and 49 dB for single,
dual, and triple-wavelength  emission
respectively, was presented, and the 3 dB
linewidth was 0.02 nm. The power variations for
single, dual, and triple-wavelength emissions
were 1.14, 2, and 4.33 dB, respectively. For the
mentioned works, the multiwavelength lasing
operation was accomplished by changing the
polarization controller (PC) positions. This
method requires a lot of time and shows lack of
control of emissions.

Alternatively, other investigations use
two filters in cascade to achieve
multiwavelength laser emissions [12-16]. Z.
Tang et al. [12] proposed two MZIs to obatain a
single and dual-wavelength laser. One of the
MZI was fabricated by splicing a piece of a
photonic crystal fiber between two SMF, the
second one uses two conventional fiber couplers.
The reported SMSR was of 45 and 42 dB for
single and  dual-wavelength  emissions,
respectively, and the measured 3 dB linewidths
of the single and dual-wavelength emissions
were 0.026 and 0.03 nm, respectively. One
disadvantage of these works is the assemblage of
MZI with couplers, making the setup huger.
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In this work, a stable single and dual-
wavelength EDFL based on two cascaded MZIs
was offered and experimentally validated. The
MZIs were fabricated by splicing a piece of
capillary hollow core fiber (CHCF) between two
sections of multimode fibers (MMF). The
maximum length of these MZIs was 5 mm,
making these devices attractive because of their
simple fabrication, small size and low cost. The
MZI1 with larger FSR was used as wavelength
chooser, and the other MZI controls the
separation of the switchable emissions.

The innovation of this single and dual-
wavelength EDFL is that the switchable
operation is accomplished by thermally moving
the interference pattern of one MZI and not by
changing the polarization state like the examples
cited before. This setup offers an easy method to
switch emissions over predicted wavelength
positions, removing the unpredictability through
polarization tuning. The maximum value of SNR
was 58.9 dB for the single and dual-wavelength
laser emissions, and the linewidth was 30 pm.
Furthermore, no power and wavelength
variations were identified during the single and
dual-wavelength operation.

1. Content

As presented in Figure 1, a fiber ring laser was
assembled, where a laser diode launched light to
a 980/1550 wavelength division multiplexer
(WDM) fiber coupler. A section of 4 m of EDF
was utilized as the gain medium, a PC and an
isolator were added to the cavity to achieve an
enhanced SNR and to operate in a unidirectional
way, respectively. An optical fiber coupler
(90/10) allowed to observe the output, where the
10% port was linked to optical spectrum
analyzer (OSA), and the 90% port was used to
close the cavity for continuous laser generation.
Additionally, the two MZIs were positioned into
the cavity.

v -
“ I.‘... ﬁ
£ | Jrecmms IZmoaam | Dmg
77 SR
i 1)
Pump Laser oM ‘i‘ "),'I — m
{976 nm) 1 0F[a5m) Podarization]
| tcrnvcllcrf
1
\- — o Caupler ——
Isolator . 0%
osa

Figure 1 Experimental setup of the fiber ring laser
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1.1 Fabrication and working principle

These MZIs consist of splicing a section of
CHCF (inner and outer diameters of 62.5 and
125 pm, respectively) between two pieces of 1
mm of MMF (105/125 um), and this structure
was inserted between two standard SMF, see
Figure 1. MMF sections work as mode couplers,
distributing light to the hollow core and the ring
cladding of the CHCF.

Three MZIs where fabricated with
different free spectral range (FSR). The
execution of this laser involves two MZIs in a
cascade structure. One of these devices (MZI1)
has an FSR of more than 10 nm, and the other
(MZI2) has an FSR of less than 2 nm. For the
MZI1, two MZIs were fabricated, and their FSRs
are 17.82 and 13.29 nm equivalent to a
predictable dimension of 0.3 (MZIla) and 0.4
mm (MZI1c), respectively (see Figure 2). On the
other hand, MZI2 was built with a FSR of 1.8 nm
(see Figure 2), corresponding to an estimated
length of 3 mm.

It is vital to mention that we reported [18]
a tunable erbium-doped fiber ring laser using a
MZI based on CHCF, where we prove that the
spectral response of the MZI experiences a
movement to higher wavelength when the
temperature rises with a slope of 33 pm/ °C. This
thermal tunability allows us to combine two
MZIs in a fiber ring laser cavity using the MZI1
as a wavelength picker (bigger FSR), and MZI12
is in a stable state. Then, the interference pattern
of the MZI1 is moving over the spectrum of the
MZI2 to select a peak/s for laser emission. The
MZI2 controls the switchable period (FSR =1.8
nm), and the laser linewidth of 0.03 nm for all
emissions when the two MZIs are connected in a
cascade arrangement.
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Figure 2 Transmission spectra of (a) MZlI1a, (b) MZI1b,
(c) MZI2

The spectral responses of the cascade
combination of the MZl1a and MZI1b with the
MZI2 are shown in Figure 3. For an improved
understanding, the peaks with maximum
transmission in the interference pattern produced
by two cascaded MZlIs are marked to specify the
high probability to become a laser emission.
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Figure 3 Transmission spectra of the MZI2 linked in
sequence with the (a) MZIlla, (b) MZI1lb (Cascade
configuration)
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1.2 Results and Discussion

An experimental study was carried out to
examine the switchable operation of the EDFL.
The MZI12 was placed on a hot plate (Echotherm,
Model 1C20) at a constant temperature of 20 °C,
meanwhile the MZI1 was on another hot plate
(Thermo Scientific™, model HP88854100),
where the temperature was increased.

The transmission spectrum of the
cascaded MZI2 and MZI1a is shown in Figure.
3 (a). Consequently, laser emission will possibly
emerge at P11 since this peak shows the
maximum transmission. At the beginning, the
pump laser current was static at 400 mA, and
both interferometers were at 20 °C, with these
conditions, a laser emission at 1563.7 nm is
observed (P11) with a SNR of 58.9 dB (see
Figure. 4). Then, MZI1a was heated in steps of 1
°C until to 29 °C, where laser emission remains
immobile. When the MZI1a temperature reached
30 °C, another laser emission shows up at 1565.5
nm (P12) with a SNR of 58.6 dB. This dual
emission is present until the MZI1a reaches a
temperature of 40 °C, where the EDFL changes
to one laser emission at P12, remaining fixed
from 40 to 160 °C (see Figure 4). Moreover, the
wavelength stability of laser emissions was
measured and variations were not detected.

For the second case, the peak P21 shows
the highest transmission (see Figure. 3),
therefore a laser emission was detected at 1562.7
nm (P21) with a SNR of 50.3 dB (see Figure. 5).
An analogous study was carried out, now
achieving another two wavelength positions
with laser emission, P22 and P23 at 1564.5 and
1566.3 nm with a SNR of 50.9 and 50.8 dB
respectively.

The greatest noteworthy characteristic of
our EDFL is that it can be switched from single-
wavelength laser emission to a dual-wavelength
by increasing the temperature of the MZIL,
proposing a huge benefit compared with others
switchable lasers based on polarization
mentioned before. Another advantage is the
constant wavelength spacing of 1.8 nm between
the emissions, provided by the FSR of the MZI2,
showing the controlled way of the achievement
of our EDFL emissions.
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Figure 5 Switchable operation of the EDFL using MZI2
and MZI1b

Conclusions

In this work, a single and dual-wavelength
EDFL has been proposed and experimentally
verified. The all-fiber MZIs were fabricated by
splicing a small piece of capillary hollow core
fiber (CHCF) between two segments of MMF.
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These MZIs show good features like easy
fabrication, small size, low cost, and robustness.
Furthermore, their interference patterns have
high fringe contrasts and do not suffer alterations
when the input polarization state of light is
changed. The MZI with bigger FSR was used as
wavelength selector, meanwhile, a MZI with
smaller FSR determine the spacing of the
switchable step. The innovation of this EDFL is
that the switchable operation is accomplished by
thermally tuning the interference pattern of the
MZI and not by changing the polarization state
into the cavity. The maximum SNR was 58.9 dB
and no power and wavelength fluctuations were
detected. For a future work, the nice
performance of this switchable EDFL can be
tested in optical fiber communications systems
and fiber sensing applications.
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