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México
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San José, Costa Rica, 9 y 10 de Mayo, 2012 1

/ 38 .



..
. . . . . .

.
. .1 Introducción: Optoelectrónica → Fotónica

.
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Generación sincrónica en tres cavidades
Generación sincrónica en tres cavidades
Generación sincrónica en tres cavidades
Generación sincrónica en tres cavidades

Erwin A. Martı́-Panameño (BUAP)
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Comunicaciones Ópticas

Figura: Estado al año 2011 del cableado óptico alrededor del mundo (
http://www.submarinecablemap.com/)
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Comunicaciones Ópticas

Figura: Cómo nos comunicamos hacia y desde Costa Rica? (
http://www.submarinecablemap.com/)
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Comunicaciones Ópticas

Figura: La alta tecnologı́a también sirve para excluir a regiones. (
http://www.submarinecablemap.com/)
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San José, Costa Rica, 9 y 10 de Mayo, 2012 5

/ 38 .



..
. . . . . .

A las comunicaciones electrónicas les es inherentes una
frecuencia portadora ∼ 1GHz.

Las comunicaciones ópticas se caracterizan por que su
frecuencia portadora es de cientos de Terahertz.
Durante la década de 1980 se instaló el cableado de fibra óptica
para instrumentar las comunicaciones ?opticas.
Década de 1990– La era de la información: Microelectrónica +
comunicaciones ?opticas.
Los Amplificadores ópticos son una pieza clave en el incremento
de la capacidad de comunicaciones ópticas
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AMPLIFICADORES DE FIBRA ÓPTICA EN TELECOMUNICACIONES

6
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Una manera de evaluar el desarrollo de las comunicaciones ópticas es
através del producto de la cantidad de bits trasmitidos por la distancia.

[BL] = bits × kilómetros

Este producto se incrementó varios órdenes de magnitud en las
últimos dos décadas: intrı́nsecamente ligado al cambio en la forma de
regenerar las señales.
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Figura: Incremento histórico del productoBL. A partir de los años 90 del siglo
pasado las comunicaciones ópticas se apoyan en los amplificadores ópticos
basados en fibras ópticas (G.P. Agrawal, ”Fiber-optic communication
systems” JW&S, 4th ed. 2010)
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Este cambio se basó en la transición de los amplificadores
electrónicos a los ópticos:

Conversión óptica — corriente eléctrica —- amplificación electrónica—
conversión a luz.
lo que tenemos es:
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Figura: Este esquema de amplificación ha permitido razones de bits
> 100Gb/s.
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Figura: Se considera regiones de pérdidas para las fibras < 0,3db
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Uno de los métodos de codificación de se nales ópticas más
perspectivo y ya en marcha es el basado en solitones ópticos
temporales.
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San José, Costa Rica, 9 y 10 de Mayo, 2012 12

/ 38 .



..
. . . . . .

Una propiedad general de los paquetes de onda electromagnéticos
(espaciales y temporales) es que tienden a ” expandirse ” durante la
propagación.

La explicación es sencilla: cada una de las diferentes
componentes espectrales del paquete de onda viaja a su propia
velocidad.
Dispersión: ensanchamiento temporal del pulso.
Difracción: ensanchamiento transversal del haz.
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Propagación dispersiva de pulsos luminosos

Figura: Sin pérdidas la propagación dispersiva, produce que el pulso se
ensanche. Espectralmente se reduce su ancho.

Erwin A. Martı́-Panameño (BUAP)
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Solitones Ópticos Temporales

Sin embargo, pulsos luminosos intensos producen la automodulación
de fase y el pulso tiende a comprimirse temporalmente debido al
enrriquecimiento espectral.
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Propagación no lineal de pulsos luminosos

Figura:

Erwin A. Martı́-Panameño (BUAP)
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Balance de los efectos no lineales y dispersivos

Figura: Solitón
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Comportamiento similar a una partı́cula.

Figura: Colisión de solitones
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El modelo matemático para el estudio de la propagación y
amplificación no lineal quedo definido ayer:
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Como paquetes de onda los solitones son elementos que pueden ser
amplificados en diferentes tipos de condiciones.
Veamos dos casos:

Amplificación en fibras ópticas con perfiles periódicos de alta
ganancia.

Amplificación de solitones fs en componentes con lı́nea
inhomogénea.
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Amplificación en fibras ópticas con perfiles periódicos
de alta ganancia

investigación Revista Mexicana de Física 41, No. J (J995) 72-8.{

Soliton solutions in optical fiber devices possessing
periodical high gain profiles

V.A. VVSLOUKII*, M. TORRES-CISNEROS, J.J. SÁNCHEZ-MoNDIlAGÓN,

E. MAIlTÍ-PANAMEÑO AND G.E. TORIlES-CISNEROSt

Instituto Nacional de Astrofísica, Optica y Electrónica
Apa7"tado postal 51; 72000 Puebla, Puebla, México

Recibirlo el 4 ,le mayo de 1994; aceptado el 21 de octubre de 1994

ABSTHACT. \Ve study the bchavior of optical pulses propagating in optical fiber:; possessing pe-
riodical gain profiles which do Ilot satisf.y the adiabatic amplification cOllditiollS. \Vc dcmollstrate
that it is possible to obtain first and higher order soliton solutions, and wc predict their final
asymptotic amplitudes all<l widths as well as some of their transient charactcristics. These pre-
dictioIls agree with resu1ts of IIllmerical simulations ami aUnw to describe the global behavior of
optical fiber devices that use pcriodical gain profiles, Sllch as high gain doped fiber amplifiers.

HESUMEN. Estudiamos el COlllportamiento seguido por pulsos luminosos que se propagan en fibras
ópticas que poseen perfiles de gallacia peíodicos que no satisfacen las condiciones de adiabaticidad.
Demostramos que es posible obtener soluciones del tipo solitón, tanto de primer comO de órdenes
más altos, de los cuales predecimos sus amplitudes y anchuras asintóticas, así como algunas de
sus características transitoria.s. Estas predicciones concuerdan COIIresultados numéricos y permiten
caracterizar de una manera general a los dispositivos de fibra óptica sujetos a procesos períodicos de
ganancia, como es el caso de los amplificadores de fibra óptica activada con impurezas rcsonautes.

rAes, 42.81.Dp; 42.G5.IJp

1. INTIlODUCTION

There are many physical aud practica! situatious where an optica! pulse is subjected to
repetiti,.e cycles of gain aud loss iu optical fiber,. \Ve can classify them iuto t\Vo main
aud broad groups according 10 the fundamental problem they dealt with. Iu the first
group \Veconsider those where the amplificatiou offset the euergy !oss caused by the ¡mise
prupagatioll through IOllg clluuglt lengtlts in <tll uptical fibcr1 alld illt.o a s(,colld group
those \vherc absorptioJl <:oll1.rolsthe optical gaill givcJI to the pulse by aH ext.ernal sourcc.
The first group is at. the ('ore of long dist.aJicc opt.ical fiber COllllllHllicatiolls1 ami it

iucludes the special (:;c'" of soliton-based systems. There, the solitous are subject to such
a periodical loss-gain cycle Bot only to rccover its original cllcrgy but aIso to mailltain its
charactnistics shape [JI. The stability of the solitous under these kind of models; that is,
its perfcct recoverillg aftcr cach cycle, has berll sl1ccessfully accomplisll('d ill laboratories

•Pcrmanent Addrcss: Dt.'¡l<trtlllent of Physics. ~Ioscow State UlIi\'crsi ty, I\loscow 119899, fiussia.
t Pel"lllanent Address: Depart;ull('nto de Electrónica, Facultad de Ingeniería; Ulliversidad de Gua-
lIajuato; Apdo. Postal 21,s-A; Salamanca, Gu<tnajuato; 3G730 ~-féxico.

Figura: Altos perfiles de Amplificación
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Amplificación en fibras ópticas con perfiles periódicos
de alta ganancia

74 V.A. VVSLOUKII F.T AL.

g(Z) g(Z)

z2LLzla L
o O

(o) (b)

FIGUHE 1. Periodical gain profilcs considered through the papee. In (a) a step-likc profile with
constant amplification and ausorption regiolls and in (b) a sinusoidal gain profile.

satisfiec.l [8J to make unnecessary the further consideration of high-orc.ler effects. Then, the
e~olution of the cOlnplex pulse em'clope q(Z, T) is accurate1y descrihed by

D 2.q1aq 2.1
1DZ = 2 DT2 + 1'11 '1+ ''iy(Z)q, (1)

where Z = z/ Ld and T = (t - z/Yg)/Io are the nonnaJized propagation distance amI local
time, respective1y. Ld = 16/11321 is the dispersion length, lo the initial pulse c.luration, Yg
the group ve10city and 132the group velocity dispersion at the wavelength >-.
\Ve do not consider any physical or mathelllatical restriction on the shape of g(Z),

other that heing periodic with period L. llowever, Eq. (1) illlplies an exponential grow
for the pulse energy, I\'(z) = J 1'112 dT, given by

II'(Z) = 11'0exp [1' g(8) d8] , (2)

where 11'0 is the initial pulse energy. Therefore, in onler be ahle to achieve soliton propa-
galioo we re<¡uire II'(L) = \\'0 as a stationary condition for the pulse en('rgy. Frolll Eq. (2),
sllch a cOllditioll imposes the add.itional restrictioll

rL g(s)ds = O
./0

(3)

Figura: Altos perfiles de Amplificación
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Amplificación en fibras ópticas con perfiles periódicos
de alta ganancia

80 V.A. VVSLOUKII ET AL.

Iq(Z,T)12

o

FIGUHE 5. Temporal lJehavior of all iuitial first ordcr ~olitoll as it propagate~ throllgh él fiber
posscssing the pcriodical gain profilc oC Fig. lb with 90 = 1 atld L = Zo/2. The total propagatioIl
distance is 32L, aud each curve is takcII al the distance interval of 2L.

process, but at the eud of eaeh period L it will reeover ils predieted value N". :\'ote
also that ouee the profile of the aSYluptolie solitou is reaehed, its width 1/" will remain
lIuehanged although this oseillatiou on its amplitude.

4. I\'UMEIUCAL SI~lULATIO"S

In arder lo verify tile t.heoretical predictiollS of thc preccdcllt sectioll \Ve \vill 11m\"procced
to uumerieally soh'e Eq. (1) with the siuusoidal gaiu profile of Fig. lb aud with ,,(O, T) =
5eeh T as the initial pulse. \Ve used the staudard split-step Fourier numeriealmethod [8J
with a uniform tr'mporal grid of 102,1 points alJ(l, in order to aceurately follow the pulse
parameters as it teuds to its stationary soliton profile giveu by Eq. (9) with N = 1, we
used a spatial grid of up to 2000 poiuts. At eaeh propagation step we eomputed the pulse
peak intensity I,,(Z), the relative pulse width a(Z), aud the pulse euergy lV(Z). These
pammeters will be cOlllpared with those predieted by Eq. (9) for the speeific values lIsed
for the amplitude and the period of the gain profile.
Figure 5 shows the pwpagatiou of the ¡nitial pulse through a distauce equivalent to

Z = 32 L. Here the parameters of the gaiu profile are !lo = 1 aud L = 71' /4 (= Zo/2). Eaeh
curve 011 the graph is takcll al the eud of olle gain profilc pcriod, and thcrc is a scparatioIl
of Z = 2L betwccn cach one. As it can be seell, the presence of a transicllt alld decaying
initial process is evident but a statiollarity on the pulse is BOt obvious. fvlore <¡ualltitative
al1d eontundent argumel1ts in favor of statiol1arity is showl1 in Fig. 6, where we plot
the spatial evolutiou of the pulse el1ergy IV, of the pulse peak il1teusity 1,,, al1d of the

Figura: Altos perfiles de Amplificación
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Amplificación en fibras ópticas con perfiles periódicos
de alta ganancia

82 V.A. VVSLOUKII ET AL.
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o
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ro
30
Z

FIGURE 7. Spatial traces of (a) the energy. (b) the peak intensity, and (e) the width of a pulse
propagating through a fiber possessing the periodieal gain profile of Fig. lb. with 90 = 1 aud
L = 20/4. The theoretieally predieted parameters are indiea!ed by the eorresponding horizontal
Iines.

<W(Z).".o

tnl"O
Ú

I(Z)'h"O

,
O .¡-.-~,~,~,~,-'~~I-'~~~~-~'~I -'~~-~~'~I
tj 10 20 30

Z

FIGURE 8. Spatial traces of (a) the encrgy. (h) the peak intensity, an" (e) the width of a pulse
propagating through a fibcr possessing the periodical gaio peafile of Fig. lb, w¡th 90 = -2 and
L = 20/4. The theoretically predicted parameters are iudicated by the eorrespondiog horizontal
lines.
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Amplificación de solitones fs en componentes con
lı́nea inhomogénea

OPTICAL FIBER TECHNOLOGY 2,143-148 (1996)
ARTICLE NO. 0016

Femtosecond Soliton Amplification in an Er-Doped Fiber Amplifier
with Inhomogeneously Broadened Line

E. MARTf-PANAMENO*

Facultad de Ciencias Ffsico-Matemdticas, Benemerita Universidad Aut6noma de Puebla, Apdo. Postal 1704, 72001 Puebla, Mexico

V. A. VYSLOUKH, M. TORRES-CIsNEROS, AND J. J. SANCHEZ-MONDRAG6N

Instituto Nacional de Astroflsica, Optica y Electr6nica, Tonantzintla, Mexico

AND

G. E. TORRES-CIsNEROS

Facultad de Ingenieria Mecdnica, Electrica y Electr6nica, Universidad de Guanajuato, Mexico

Received September 5, 1995; revised January 5, 1996

Figura: Amplificación de solitones fs
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Amplificación de solitones fs en componentes con
lı́nea inhomogénea

FEMTOSECOND SOLITON AMPLIFICATION IN EDFA

'" '
a

:..
...
.... <0

tJ)

~~ ...

...
~
.... "

a

(a)

b

o
-15

F~EQtJENCY -30

(b)

FIG. 1. Temporal (a) and spectral (b) evolution of the soliton pulse in an am-
plifier with IBL. The graphs were obtained by numerical integration of Eqs. (1).
(2), and (6) with the initial condition Eq. (29). Parameters: G = 4, LF = 2.5,
no = 0, (J = 4.25, Ya = 1, µ = 0.125, 8 = 0.28.

147

K
3.0

2.0

1.0

o .0 I -----;==
0.0 0.2 0.6 0.80.4

FIG. 2. Dependence of the output soliton form factors on the amplification
coefficient G for both kinds of broadening mechanisms: IEL (1) and RBL (2).
Parameters: GLF = 1, µ = 0.125, 8 = 0.28; IEL - (J = 4.25, Ya = 1;
IEL - Ya = 0.2.

fact may be attributed to the difference of the lines shapes and
to the higher order perturbation effects.

We also considered the carrier frequency shift in dependence
on the amplification parameter G. These results are presented
in Fig. 3. From the graphs one can conclude that for both kinds of
the amplification line broadening mechanisms the self- frequency
shift is approximately the same. The output value of Qs (L F ) in-
creases with decreasing of G because the product GL F was
fixed and for a long fiber the Raman self-frequency shift is more
pronounced.

In the next series of computer simulations we studied the
dependence of the output form factor on the initial soliton fre-
quency Qo. These results are presented in Fig. 4. From this figure
one can conclude that IBL amplifier is more effective than HBL
one. Maximum value of the output form factor is reached at
Qo :::: 1.5, i.e., when the initial carrier frequency of the soli-

Figura: Amplificación de solitones fs
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FIG. 4. Output soliton form factors as functions of the initial frequency
detuning Qo for both kinds of broadening mechanisms: IBL (1) and HBL (2).
Parameters: G = 0.1, Lp = 10, µ, = 0.125,8 = 0.28; IBL-a = 4.25, Ya = 1;
IBL - Ya = 0.2.
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FIG. 5. Output soliton self-frequency shifts 8Qs as functions of the initial
frequency detuning Qo for both kinds of broadening mechanisms: IBL (1) and
HBL(2). Parameters: G = 0.1, Lp = 10, µ, = 0.125,8 = 0.28;IBL-a = 4.25,
Ya = I; IBL - Ya = 0.2.
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El trabajo en el área de amplificadores ópticos, es un trabajo con un
muy reducido margen para Universidades sin contacto con la industria.
Por esto suspendimos el trabajo en amplificadores y nos
concentramos en láseres de dise nos y propiedades particulares.
Estos son los láseres multicavidad.
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Estos sistemas láser son:

Acoplado en un punto de láseres de fibra.

Generación sincrónica en tres cavidades. (Experimento)

Detengámonos brevemente en estos resultados.
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Synchronous mode-locking in multichannel fiber laser systems
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Abstract

Based on the numerical experiment techniques, we report the synchronous pulse generation in multichannel fiber
laser systems. The laser arrays under study are conformed by two up to seven nonlinearly coupled doped fibers, sep-
arately pumped. Due to the nonlinear interaction between evanescent waves of the active modulated radiation in one of
the fibers and the radiation in all other ones, the system achieves the time synchronization - in all channels - of the pulse
generation. The characterization of these systems as well as the effect of symmetry breaking on the pulse characteristics
are carried out. © 2001 Published by Elsevier Science B.V.
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AMPLIFICADORES DE FIBRA ÓPTICA EN TELECOMUNICACIONES

30
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Fig. I. Geometry of the coupling region cross-section in the multichannel fiber laser arrays.

Figura: Amarre de modos sincrónico

Erwin A. Martı́-Panameño (BUAP)
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Fig. 4. Evolution oflaser radiation when the channels are coupled for (a) central channel and (b) one of the surrounding channels in the
fiber laser systems for Lf = 10 m and Le = 2 cm.
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Fig. 5. Pulse parameters evolution as function of the cavity round trip for (a) central channel and (b) one of the surrounding channels,
line 1 denotes - FWHM, 2 - pulse peak intensity and 3 - energy. Fiber laser systems parameters are as in Eg. (4).
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Fig, 7. (a) Pulse peak intensity and (b) FWHM as a function of the pump intensity line I denotes - two channels; 2 - four channels; and
3 - seven channels fiber laser systems.
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Generación sincrónica en tres cavidades

Synchronous Pulse Generation in an Array of
Three Er3+ Doped Fiber Lasers

L. C. Gómez-Pavón1, E. Martı́-Panameño2, A. Luis-Ramos1,
R. Parada-Alfonso3, J. G. Ortega-Mendoza2
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Puebla, México.
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the CONACYT for the support through the project 120346.

Abstract: In this paper, we report the experimental study of synchronous nanosecond pulse gen-
eration in an array of three coupled erbium-doped ring fiber lasers. We obtain the pulse generation
by means of an amplitude modulator placed in one of the cavities and through the nonlinear energy
interaction between the modulated cavity and the other cavities. Synchronous pulse generation is
achieved in the array by an appropriate selection of coupling ratio between the cavities and the
matching of cavity lengths, as well as the frequency modulation. We confirm synchronous generation
through the phase diagrams and the spectral emission.

Index Terms: Fiber lasers, fiber optic systems, pulse propagation, synchronous, coupling.

1. Introduction
Fiber lasers are attractive due to their compactness, high-beam quality, and low cost. Specifically,
pulsed high-power fiber lasers are of interest for various applications including medical diagnostics,
remote sensing, material processing, and nonlinear optical processes [1], [2], [3].
A laser array system offers the possibility to generate laser sources of high intensity through

the combination of the coupled cavities in the system. In several papers, it has been shown
theoretically and experimentally that the main requirement to obtaining synchronous generation
and coherent combination in these systems is the power interaction among the cavities [4], [5],
[6], [7].
In this context, synchronous pulses have been obtained by phase modulation in a mutually

coupled fiber laser array [6], [8]. Pulse generation is achieved by including a phase modulator in
one of the lasers. The other lasers are coupled to the intracavity phase modulated fiber laser via a
fiber splitter. The phase modulation of the first laser leads to well synchronized and phase-locked
pulsed fluctuations of all the laser intensities. Furthermore, the coherent addition of synchronous
pulses was obtained, and neither active phase control nor polarization control was used in the
experiments.
Furthermore, synchronization of two pulsed fiber ring lasers based on direct phase modulation

has been reported [9]. In this case, the phase modulator is placed in the common path and
a mutual injection makes the electric field in one laser be strongly coupled to and affected by
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Generación sincrónica en tres cavidades

Fig. 1. Experimental setup of a multicavity fiber laser system. PL–Pump laser (980nm), WDM–
Wavelength division multiplexing coupler (980nm/1550nm), Er3+–Erbium doped fiber, OI–Optical
isolator, VC–Variable ratio coupler, OC–Optical coupler, AM–Amplitude modulator, C1–Modulated
cavity, C2 and C3–Neighbor cavities.

Fig. 2. Oscilloscope trace of the temporal pulse emission for a C1–modulated cavity, with C2 and C3
as neighbor cavities.

the cavities and modulation parameters, synchronous pulse generation for the fiber laser system
is achieved. We highlight here that the energy interaction occurs only between the modulated
cavity (C1) and the other cavities (C2 and C3) in the system. The cavities without a modulator
(C2 and C3) are not coupled to each other, as may be seen in Fig. 1.
The system is versatile regarding the required modulation. In our experiment, we applied

different harmonics of the fundamental cavity frequency, and it is possible to reach stable synchro-
nization in each case, the pulse performance keeps unchanged (for a ring resonator, νcav = c/Lopt

is the cavity fundamental frequency, where c is the velocity of light in vacuum and Lopt is the optical
length of the cavity). The cavity fundamental frequency for our experimental setup is 10.3 MHz.
In Fig. 2, we present the temporal emission from the MFLS. In this figure, the frequency

modulation is 10.3 MHz. The coupling ratio among cavities is 94%. The pulse duration is 2 ns
with an energy of 177.6 pJ for the modulated cavity and 136.8 pJ for the neighbor cavities.
In the oscilloscope trace in Fig. 2, we observe that the modulated cavity, C1, has an intensity that

is 20% greater than the neighbor cavities, C2 and C3. In our opinion, this performance is because
of the fact that the modulated cavity (C1) accomplishes the nonlinear energy interaction with the
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the cavities and modulation parameters, synchronous pulse generation for the fiber laser system
is achieved. We highlight here that the energy interaction occurs only between the modulated
cavity (C1) and the other cavities (C2 and C3) in the system. The cavities without a modulator
(C2 and C3) are not coupled to each other, as may be seen in Fig. 1.
The system is versatile regarding the required modulation. In our experiment, we applied

different harmonics of the fundamental cavity frequency, and it is possible to reach stable synchro-
nization in each case, the pulse performance keeps unchanged (for a ring resonator, νcav = c/Lopt

is the cavity fundamental frequency, where c is the velocity of light in vacuum and Lopt is the optical
length of the cavity). The cavity fundamental frequency for our experimental setup is 10.3 MHz.
In Fig. 2, we present the temporal emission from the MFLS. In this figure, the frequency

modulation is 10.3 MHz. The coupling ratio among cavities is 94%. The pulse duration is 2 ns
with an energy of 177.6 pJ for the modulated cavity and 136.8 pJ for the neighbor cavities.
In the oscilloscope trace in Fig. 2, we observe that the modulated cavity, C1, has an intensity that

is 20% greater than the neighbor cavities, C2 and C3. In our opinion, this performance is because
of the fact that the modulated cavity (C1) accomplishes the nonlinear energy interaction with the
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AMPLIFICADORES DE FIBRA ÓPTICA EN TELECOMUNICACIONES

37
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Fig. 4. The output spectrum of each one of the cavities in the array for: (a) uncoupled cavities and
(b) coupled cavities in the synchronous regime.

variable ratio couplers, is similar in function to the depth of modulation in an active modulator,
allowing the excitation of more axial modes as the coupling ratio increases, and consequently
resulting in a wider generated spectrum and shorter emitted pulses.
In Fig. 6, we demonstrated that the synchronous regime is obtained when pulse generation is

achieved in all cavities, which is at coupling ratios at or above 20%.
Another fundamental parameter to consider in the design and the construction of the MFLS is

the degree of matching of the cavity lengths. A different optical path length in one of the cavities
could break the temporal coincidence among pulses and then destabilize the synchronous regime.
In Fig. 7, we present the behavior of the SD obtained for different lengths of one of the cavities
(C2) in the MFLS. The cavity length for C2 is 1% (in Fig. 7(a)) and 2% (in Fig. 7(b)) longer than C1
and C3. In this case, on the left side of the figure, we show the influence of the length mismatch
of C2 over the modulated cavity (C1), and on the right side, over the other cavity (C3). The plots
in the middle represent the behavior between the cavities with matched lengths.
We observe that as the cavity length is increased in one of the cavities, in our case C2, the

synchronization diagrams reveal this perturbation. Effectively, in Fig. 7(a), we can observe the
lack of synchronization between cavities C2 and C1. Going further, if the difference in the optical
path length between C2 and the other cavities is 2%, then the synchronization is broken.
The system shows highly stable operation against external perturbations. On the other hand,

the system performance depends upon two fundamental parameters [4]. The first parameter is the
coupling ratio, which is the parameter responsible for the energy interaction among the cavities
that assures the characteristics of the pulses. The second parameter is the degree of matching
of the cavity lengths, which guarantees the synchronous regime.
The experimental results we have presented here show a wide range of values for above

mentioned parameters, which makes the synchronous pulse generation robust. Additional to
these considerations, our system has advantages over others reported previously. Among those,
we highlight here that no additional elements are required to obtain the same central emission
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Las componentes fotónicas basadas en fibra óptica representan
interesantes objetos de estudios relativamente baratos. Con éstos es
posible desarrollar tanto investigación como innovación.
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