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Abstract

This paper presents the performance analysis of a system configuration for 2R optical regeneration (re-amplification and re-shaping), which
is based on Cross-Gain Compression (XGC) and Cross-Gain Modulation (XGM), which is configured on a Multiple Quantum Well
Semiconductor Optical Amplifier (MQW-SOA). A logarithmic model of the SOA was developed and configured into an event discrete
simulator. Simulation results show that XGC can satisfactorily achieve 2R Optical Regeneration, but they also show deficiencies when
used in a multistage node configuration due to the existence of different amplification levels in the bits of the processed streams.

Keywords: Cross-gain compression; cross-gain modulation; semiconductor optical amplifier; optical regeneration 2R.

Analisis de prestaciones de regeneracion optica 2R mediante
compresion de ganancia cruzada usando amplificadores opticos de
semiconductor de multiples pozos cuanticos

Resumen

Este articulo presenta el analisis de prestaciones de una configuracion para la regeneracion optica 2R (re-amplificacion y re-formado de
onda) mediante Compresion de Ganancia Cruzada (XGC) y Modulacion de Ganancia Cruzada (XGM) sobre un Amplificador Optico de
Semiconductor de Mdltiples Pozos Cuanticos (MQW-SOA). Se desarrollé un modelo logaritmico y se configuré en un simulador de
eventos discretos. Los resultados de simulacién muestran que con XGC se puede lograr satisfactoriamente la regeneracion éptica 2R pero
también muestra deficiencias cuando se usa en nodos en cascada debido a la existencia de diferentes niveles de amplificacién en los bits
procesados.

Palabras clave: Compresién de ganancia cruzada; modulacion de ganancia cruzada; amplificador dptico de semiconductor; regeneracion
oOptica 2R.

1. Introduction conversion and optical regeneration; these features are the
cornerstone of the support for the development of the future

The evolution towards very high bandwidth optical transparent optical data packet networks. Optical

networks has led to the study and development of optical
devices performing all-optical processing of the signals that
are transported over the lightwave links. Two of the
underlying functions of optical processing are wavelength

regeneration is categorized as either being 1R, 2R and 3R.
While 1R only performs re-amplification, 2R optical
regeneration deals with the re-amplification and re-shaping
of the pulses. 3R regeneration includes re-timing to eliminate
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the phase jitter of the signal. However, re-timing is a bit-rate-
specific function that may jeopardize the transparency of the
network if multirate timing recovery circuits are not
implemented in the system. This paper focuses on 2R signal
regeneration using Semiconductor Optical Amplifiers (SOA)
[1-3]. To date, there have been three main techniques used to
perform re-amplification and re-shaping by means of SOA,
namely: by interferometric configurations based on the Mach
Zehnder geometry [4,5]; by electro-absorption processes in a
SOA-EA to improve the transfer function of the device at the
expense of limiting the data rate supported [2], [6,7] and
finally by Cross Gain Compression (XGC) that uses Cross
Gain Modulation (XGM) to obtain an inverted copy of the
signal and enable the gain compression process [3], [8,9].
Other interesting techniques used to perform 2R regeneration
are based on Four Wave Mixing (FWM) [10], Raman effect
[11], phase regeneration with reverse-biased pin junction
[12] and fiber-based regeneration, the latter having shown the
capability of a multichannel operation [13,14]. This paper
investigates optical 2R regeneration based on XGC in SOA.
Optical regeneration by XGC has demonstrated a better
performance than interferometric configurations and SOA-
EA as it enables a signal processing that is independent from
the signal format and enables wavelength continuity between
input and output interfaces that support high data rates. The
characterization and modeling of the 2R regenerator is based
on the approach described in [15] as, unlike the proposals
described in [3] and [8], it requires a lower level of input
power. The 2R regenerator was built using a logarithmic
model of a MQW-SOA in order to improve the non-linear
behavior of the SOA [16,17]. This paper is organized as
follows; section 2 shows the numerical model that describes
the dynamic behavior of a MQW-SOA and also the XGC
process. Section 3 shows the configuration of the 2R optical
regenerator using XGC. Section 4 shows the simulation
results of the 2R optical regenerator and the analysis of a
cascade system with five nodes; the simulations evaluate
both non-Return to Zero (NRZ) and Return to Zero (RZ)
encoded signals. Finally, section 5 summarizes the paper.

2. Numerical model
2.1. MQW-SOA

Multiple Quantum Well Semiconductor Optical
Amplifiers have been shown to have a high optical
confinement, low polarization dependence and high output
saturation power [1]. It is worthwhile pointing out that the
simulation model of this device is based on differential
equations that account for both the carriers and
recombination mechanisms. As a baseline, equation (1)
describes the evolution of the photon in the semiconductor
section [7,18].

ds

s
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Where S is the density of photons in the cavity, € is the
non-linear coefficient, ¥V, is the group velocity along the

cavity, T, is the lifetime of the photon, g is the coupling
factor of the spontaneous emission, n is the carrier density,
G is the logarithmic gain, T is the proportion of the photons
that travel within the active gain region and B is the
bimolecular recombination coefficient. The evolution of the
carrier density is given by (2) [7,18].
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Where I is the injected current in the SOA,; q is the charge
of the electron; w, d and L are the width, thickness and length
of the active region respectively; and A, B and C are the
linear, bimolecular and Auger recombination coefficients
respectively. In addition, modeling an MQW-SOA requires
the use of equation (3), which describes the evolution of the
carrier density in the Separate Confinement Heterostructure
(SCH). This layer is in charge of separating the quantum
wells [7,18].

dnscy 1 __Nscu
dt quhalfSCHL Tcapture
n Nyow dMQW (3)

Tescape dhalfSCH

Where ngcy is the carrier density in the SCH, dpqifscn is
the thickness of one face in the SCH region, Tcqpeure IS the
capture time from the SCH layer to the quantum well, Tegcqpe
is the time escape from the quantum well to the SCH layer,
nyqw IS the carrier density in the quantum well and dy,qi¢5cn
is the thickness of the whole quantum well. The gain model
is logarithmic and is given by [7,18].

G = alln(n/n,) 4)

Where a is the non-linear gain coefficient, T is the
confinement factor and n,, is the transparency carrier density
[7,18].

2.2. XGC

A simple model to describe XGC can be expressed as [19]

Ein1/2(t) = ey, (Al/z(f) + gin,l/z(t))

5
* eXPO(Wl/z ®) + §01/2(t)) ©)

Where e, and e, are orthogonal unit polarization vectors

at frequencies w; and w, respectively, and &;,1/,(t)
represents the slow complex envelope variation of the
additive noise that is filed over the two signals. For an SOA
case, this represents the noise that is the result of the
spontaneous emission that is normally represented by a
random Gaussian distribution with a given density and
symmetry. A, /,(t) and ¢4/, (t) are the amplitude and noise
phase of both signals and are considered constants for the
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sake of simplicity. The simplified model of the dynamic SOA
gain is given by [19]:

dh  go—h (e"-1)
dt Tc i=1,2 PsiatTc
(eh—1)r, -1 (6)
Hw) = ~—; .
Pt 1+ jwr,

Where h(t) = In(G(t)) is the logarithm of the gain, P;
represents the power of each signal, in this case A% +
SPint(t) and A2, respectively. T, is the carrier lifetime in
the SOA and t, is the effective carrier lifetime, g, =
al(It,/qV) — nyL is the non-saturated gain, P, =
Ahw;/Taz, is the saturation power, w is the angular
frequency, j is V=1 and h is obtained by solving the
difference equation h(t) = h + 8h(t).

3. Modeling Setup

The simulation setup for XGC-based 2R regeneration is
shown in Fig. 1. As can be seen, the input signal at A; and the
continuous wave signal at 1, enter the SOAL where 4, copies
and logically inverts the input signal by XGM. This
wavelength conversion process is the key principle of
operation behind XGC as it needs both inverted and non-
inverted signals to perform the regeneration [9]. The resulting
signal is divided into two arms of an interferometric
configuration, where each branch has and optical filter
centered at A, and A, in order for them to be recovered after
the XGM wavelength conversion. An Optical Delay Line
(ODL) is used in the lower branch of the configuration in
order to synchronize the signal at A,. Power adjustment is
carried out in both branches using an optical attenuator. The
signals being emitted from both arms are combined and
injected into the SOA2 where the XGC process is carried out.
This process compresses the signal noise through power
saturation; this effect is similar to that produced by a high-
pass filter with a cut frequency proportional to the inverse of
the SOA recovery time [19]. Finally, a band-pass filter at A,
recovers the 2R-regenerated signal. The simulations that
were conducted were carried out in Virtual Photonics
Incorporated (VPI). The modeling setup was configured with
a Pseudo-Random Bit Sequence (PRBS) at 10 Gb/s, and the
input signal was modulated onto 1552 nm with -2.2dBm of
optical power. The continuous wave signal was at 1543.30
nm with an optical power of -5.8 dBm. The MQW-SOA were
configured to operate using the developed logarithmic model,
which had a 600 mA polarization current, a 25 dB gain and a
15 dBm saturation power. It is worthwhile mentioning that
the model reproduces the features offered by INPHENIX’s
SOA IPSAD1511 [20] and the SOA BOA1004PXS, which is
provided by THORLABS [21]. The optical filters have a
Gaussian pass-band with a 40 GHz bandwidth. Both Non-
Return to Zero (NRZ) and Return to Zero (RZ) encoded
signals with Additive White Gaussian Noise (AWGN) were
used in the simulation setup. The performance analysis is
based on the results from the Extinction Ratio (ER) and Bit
Error Rate (BER).

Input Signal

CW Laser 2 OA-

Figure 1. Schematic diagram of the optical regeneration 2R by XGC.
Source: The Authors

4. Results and discussions

The BER measurements were carried out following the
procedure described in [22,23] and the ER was based on [24].
Within this context, 256 samples are available for each bit.
Table 1 and Table 2 show the results for NRZ and RZ
encoded signals, respectively. For different signal qualities at
the input of the system, the BER, ER and gain are evaluated.
As can be observed, 2R regeneration performs suitably as the
output BER is improved for each incoming signal.
Moreover, the ER measurement was, in general, not
improved except when the noise level was high, particularly
for NRZ coding. This is because the average power of the bits
one (1’s) decreases in relation to the power of the bits zero
(0’s), which is due to the compression effect of XGC. As a
result, this measurement is not suitable to estimate waveform
regeneration. In addition, if the average power of the 0’s
tends to zero, then the ER tends to the infinite without
regarding how the bit waveform of the 1’s is. Similarly, as
the ratio of the average power between 1’s and 0’s keeps
constant, the measurement would not depend on the
waveform and thus the ER results would not change. Unlike
the ER, the BER measurement takes the standard deviation
of power for 1’s and 0’s into account so that it compresses
the signal noise, which allows the assessment of the XGC-
based compression. In this context, the gain measurement can
also be used to determine the performance of the
regeneration. The gain obtained was approximately 10 dB,
for both NRZ and RZ coding. It can be seen in Table 1 and
Table 2 that the gain decreases when the noise increase,
which is caused because the noise implies power occupation
inside the SOA. This affects both the copying of the signal
through XGM and the XGC-based regeneration.
Nevertheless, while gain changes due to the noise were not
significant and values lower than 0.1 dB were observed, a
high dependence on the signal coding was found. NRZ
coding underwent a higher amplification than the RZ format,
roughly 0.5 dB. This is because the signal compression is not
regular due to the non-linearity of the system; even so, the
gain can be quantified at approximately 10dB + 0.25dB. This
measurement was carried out with respect to the 1’s of the
signal. Fig. 2 shows a more comprehensive performance of
the output BER as a function of the quality of the input signal
for both NRZ and RZ encoding signals. Eye diagrams of the
signals are also shown. Figs 2(a) and (d) show a linear
behavior between the input and output BER; using a linear
regression adjustment, where R? is the coefficient of
determination of the linear regression, the BER performance
can be described as:
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10g(BERy,:) _ 1.2642(—log(BERy,))

dB dB
—0.8898 ™
R? = 0.9994 (NRZ)
10g(BERy,:) _ 1.1178(—log(BERy,))
dB - dB
—0.6082 8

R%* = 0,9997 (RZ)

Equations (7) and (8) have a good approximation to be
able to estimate the BER performance of the regenerated
signals. and allow this to be seen. While the BER can always
improve due to the positive slope trend, such improvement is
less significant when the input BER tends to be high.
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Figure 2. (a) Eye diagram for input signal NRZ. (b) Eye diagram for input signal RZ
.(c) Eye diagram for regenerated signal NRZ. (d) Eye diagram for regenerated signal
RZ. () Output BER vs. input BER for NRZ. (e) Output BER vs. input BER for RZ.
Source: The Authors.

Improvement of BER performance is due to the higher
compression, which the 1’s undergo in the bit stream. This is
more noticeable in NRZ encoded signals because of the
longer duty cycle of the high logic level. Also, while the
average power of the regenerated signal decreases, as seen in
Table 4, its standard deviation decreases even further.

It should be pointed out that even though the contribution
of the 0’s to the improvement of the BER is not noticeable in
the eye diagram; they did contribute as they were also
affected by the XGC-based compression. It is also interesting
to assess the multistage placement of regenerators separated
by optical links that introduce noise to the transported
signals. This arrangement allows for the comparison of signal
degradation with and without the presence of 2R
regenerators. In order to do so, a non-Gaussian distribution
of noise without signal attenuation is assumed and
configured, as seen in Fig. 3, in which five 2R regeneration
stages were evaluated.

The simulations conducted in this arrangement also
included both NRZ and RZ encoded signals at 10 Gb/s. The
results shown in Table 3 and Fig. 4 confirm signal
degradation after a few stages of regeneration. In particular,
for NRZ encoding, the signal undergoes regeneration in
terms of the BER up to the fifth regenerator (BER<10); after
this stage, the signal suffers from degradation. This behavior
was also found in the RZ signals, in which the signal is
degraded from the fourth stage.

Source

Figure 3. Transmission system with five nodes. Optical Band Pass Filter
(OBPF), Signal Demodulator (SD), Optical Attenuator (OA), Regeneration
Device (RD) and Nodes (N).

Source: The Authors

Table 1.

Performance results obtained for the 2R optical regeneration of a signal with NRZ format.
. ER input ER Regenerate Gain

N0NS|quznal BESIi?glnr;leut BER Rs’zieggglerated S_ign_Fa)I S_ign_al Average
dB dB dB

1 4.048247¢-38 1.223533e-48 8.155938 7.910774 10.275349
2 5.604714e-20 4.002015e-26 8.076700 7.892365 10.264642
3 6.807015e-14 7.541795e-19 7.999690 7.866058 10.253111
4 7.814398e-11 1.310152e-14 7.924668 7.837346 10.242141
5 5.485183e-09 4.841761e-12 7.851495 7.817108 10.229600
6 9.479494e-08 2.091854e-10 7.780068 7.794639 10.217712
7 3.245772e-06 2.604596e-08 7.614705 7.740268 10.200991
8 2.916225e-05 5.559081e-07 7.479185 7.695461 10.180401

Source: The Authors
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Table 2.
Performance results obtained for the 2R optical regeneration of a signal with RZ format.
Ne° Signal BER Input BER Regenerated ER. Input ER R(_egenerate Gain
RZ Signal Signal Signal Signal Average
dB dB dB
1 1.460862e-36 2.962218e-41 8.077596 7.473654 9.880096
2 2.621511e-19 3.633778e-22 7.998623 7.455811 9.869855
3 1.803901e-13 5.792140e-16 7.921874 7.427928 9.859015
4 1.592284e-10 2.483909e-12 7.847110 7.410980 9.848901
5 9.611408e-09 2.121319e-10 7.774194 7.382784 9.837338
6 1.506316e-07 7.169979e-09 7.703021 7.366363 9.827395
7 4.661753e-06 3.527892e-07 7.560997 7.317918 9.807010
8 3.959082e-05 5.227328e-06 7.431470 7.281657 9.786998

Source: The Authors

Table 3.

Performance results for a multistage transmission system using RZ and NRZ format.

BER in system with

N° NODE BER in system without BER in system with BER in system without
regenerators regenerators regenerators regenerators
(NRZ) (NRZ) (RZ) (RZ)

1 4.054461e-39 2.264352e-48 1.756796e-37 1.132068e-40
2 4.829743e-20 3.488656e-26 2.126084e-19 1.148710e-19
3 4.918571e-14 6.078652e-17 1.311032e-13 1.289999%e-12
4 3.026785e-11 1.479136e-11 6.389367e-11 3.957994e-09
5 2.331580e-09 1.059863e-08 4.197022¢-09 1.551851e-05

Source: The Authors.

Table 4.

Performance results for a multistage transmission system using RZ and NRZ format.

Signals RZ format

N° Signal Signals NRZ format
Bits ones gain Bits zeros gain Bits ones gain Bits zeros gain
dB dB dB dB
1 10.275349 10.520512 9.880096 10.484038
2 10.264642 10.448977 9.869855 10.412667
3 10.253111 10.386742 9.859015 10.352961
4 10.242141 10.329463 9.848901 10.285031
5 10.229600 10.263988 9.837338 10.228748
6 10.217712 10.203141 9.827395 10.164052
7 10.200991 10.075429 9.807010 10.051572
8 10.180401 9.9641286 9.786998 9.936811

Source: The Authors
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Figure 4. For NRZ: (a) Eye diagram at node 5 without regenerators (c) Eye
diagram at node 5 with regenerators. For RZ: (b) Eye diagram at node 5
without regenerators. (d) Eye diagram at node 5 with regenerators.

Source: The Authors.

Fig. 4 shows the measured results for NRZ and RZ signals
in the fifth node. Fig. 4(a) represents the eye diagram
measured without regeneration and Fig. 4(b) shows the eye
diagram obtained with 2R regenerators. As can be observed,
the NRZ signals after five regenerators present a better
waveform in comparison with the signal measured without
regeneration. However, the signals after the fifth 2R
regenerator feature an eye closure that is caused by a strong
attenuation of some bits in the XGC compression process.
This effect is more noticeable in the RZ signals, as can be
seen in Fig 4(c), which shows the results without
regeneration. Fig 4(d) shows the resulting signal after the 2R
regeneration process.

The particular behavior of the 0’s mean power can also
be observed. Within this context, a measurement of the 1’s
and 0’s gain was carried out separately in order to clearly
observe this effect. The results presented in Table 4 show that
the 2R regenerators amplify more the 0’s in comparison to
the 1’s. In principle, this behavior should lead to an increment
of the BER; however, it is compensated by the noise
compression in the signal. Thus, there is a BER improvement
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with a few regenerators: four for NRZ and two for RZ signals.
Furthermore, when there are higher number of 2R
regeneration stages, the BER is no longer improved as the
XGC imposes severe degradation on the signals that affect
the ER measurement. This is shown in Tables 1 and 2, which
present the NRZ and RZ encoded signals, respectively.

5. Conclusions

This paper assessed the performance of 2R Optical
Regeneration based on Cross Gain Compression using
Multiple Quantum Well Semiconductor Optical Amplifiers.
The simulations that were conducted allowed for the signals
processed by 2R regenerators to be evaluated; both NRZ and
RZ were taken into account. The results showed that the
XGC-based regenerator satisfactorily performs amplitude
and waveform regeneration. The properties of the XGC noise
compression allow for an improvement of the BER. There
was also a NRZ gain difference, and an RZ signal was found.
This is due to the compression effect that imposes a lower
level of amplification of 1’s allocated between 0’s. In
addition, a higher amplification on the 0’s of a bit stream was
found.

A multistage placement of 2R regenerators was evaluated
and this proved to seriously penalize the processed signals.
The degradation is caused both by the non-linear response of
the gain saturation model and the logarithmic gain model
featured by the MQW-SOA. Non-linearities directly affect
the amplification of the 1’s and 0’s as the noise compression
is different for each bit. As such, RZ signals are strongly
affected. The degradation on the power levels of the bits
increases the BER and penalizes the ER, which results in a
limited number of 2R stages on the optical path.

Acknowledgement

The authors wish to acknowledge and thank the
Universidad Distrital Francisco José de Caldas for supporting
the development of this paper.

References

[1]  Connelly, M.J., Semiconductor optical amplifiers, Kluwer Academic
Publishers, 2002.

[21 Ohman, F., Bischoff, S., Tromborg, B. and Mark, J., Semiconductor
devices for all-optical regeneration, 5th International Conference on
Transparent Optical Networks, 2003, pp. 41-46.

[3] Contestabile, G., Proietti, R., Presi, M. and Ciaramella, E., 40 Gh/s
wavelength preserving 2R regeneration for both RZ and NRZ signals,
Proceedings of Optical Fiber Communication Conference, 2008, pp.
OWKI1.

[4] Ye, Y., Zheng, X. Zhang, H., Teng, X., Wu, K. and Ma, X.,
Theoretical analysis of all-optical 2R regeneration in a SOA-based
Mach-Zehnder interferometer. Optics & Laser Technology, 34(4),
pp. 337-341, 2002. DOI: 10.1016/S0030-3992(02)00025-7.

[5] Lavigne, B., Chiaroni, D., Hamon, L., Janz, C. and Jourdan, A.,
Experimental analysis of SOA-based 2R and 3R optical regeneration
for future WDM networks, Proceedings of Optical Fiber
Communication Conference and Exhibit, 1998, pp. 324-325.

[6] Ohman,F., Kjer, R., Christiansen, L.J., Yvind, K. and Mork, J., Steep
and adjustable transfer functions of monolithic SOA-EA 2R
regenerators, IEEE Photonics Technology Letters, 18(9), pp. 1067-
1069, 2006. DOI: 10.1109/LPT.2006.873359.

[7]1  Vivero, T.R., Analysis of photonic structures for optical networks,
PhD Dissertation, Department of Communications, Universidad
Politécnica de Madrid, Spain, 2010.

[8] Contestabile, G., Proietti, R., Calabretta, N. and Ciaramella, E., All
optical regeneration by cross gain compression in semiconductor
amplifiers, Proceedings of 31st European Conference on Optical
Communication, 2005, pp. 415-416.

[9] Contestabile, G., Proietti, R., Calabretta, N. and Ciaramella, E.,

Cross-gain compression in semiconductor optical amplifiers, Journal

of Lightwave Technology, 25(3), pp. 915-921, 2007. DOI:

10.1109/JL.T.2006.890441

Wen, F., Wu, B.J., Zhou, X.Y., Yuan, H. and Qiu, K., All-optical four-

wavelength 2R regeneration based on data-pump four-wave-mixing

with offset filtering, Optical Fiber Technology, 20(3), pp. 274-279,

2014. DOI: 10.1016/j.yofte.2014.02.012

Li, L., Vasilyev, M. and Lakoba, T.l., Investigation of 3-channel all-

optical regeneration in a group-delay-managed nonlinear medium,

Proceedings of CLEO: Science and Innovations, 2015, pp. 1-3.

Da Ros, F., Vukovic, D., Gajda, A., Dalgaard, K., Zimmermann, L.

and Tillack. B., Phase regeneration of DPSK signals in a silicon

waveguide with reverse-biased pin junction, Optics express, 22(5),

pp. 5029-5036, 2014. DOI: 10.1364/0E.22.005029

Parmigiani, F., Provost, L., Petropoulos, P., Richardson, D.J., Freude,

W. and Leuthold, J., Progress in multichannel all-optical regeneration

based on fiber technology, IEEE Journal of Selected Topics in

Quantum  Electronics, 18(2), pp. 689-700, 2012. DOI:

10.1109/JSTQE.2011.2126040

Wang, J., Ji, H., Hu, H., Yu, J., Mulvad, H.C.H. and Galili, M., 4x160-

Gbit/s multi-channel regeneration in a single fiber, Optics express,

22(10), pp. 11456-11464, 2014. DOI: 10.1364/0OE.22.011456

Wang, Q., Huo, L., Chen, X., Lou, C. and Zhou, B., 100-Gb/s All-

optical wavelength-preserved 2r regeneration using semiconductor

optical amplifiers, Proceedings of CLEO: QELS_Fundamental

Science, 2014, pp. 60-63.

Wilcox, J., Peterson, G., Ou, S., Yang, J., Jansen, M. and Schechter,

D., Gain-and threshold-current dependence for multiple-quantum-

well lasers, Journal of applied physics, 64(11), pp. 6564-6567, 1988.

DOI: 10.1063/1.342028

Ma, T., Li, Z., Makino, T. and Wartak, M., Approximate optical gain

formulas for 1.55-um strained quaternary quantum-well lasers, IEEE

Journal of Quantum Electronics, 31(1), pp. 29-34, 1995. DOI:

10.1109/3.341704

V. Systems, VPI Component Marker - Active Photonics User's

Manual, 2002.

Hong, W., Li, M., Zhang, H., Sun, J. and Huang, D., Noise

suppression mechanisms in regenerators based on XGC in an SOA

with subsequent optical filtering, IEEE Journal of Selected Topics in

Quantum  Electronics, 18(2), pp. 935-949, 2012. DOL:

10.1109/JSTQE.2011.2143697

INPHENIX, Semiconductor Optical Amplifier Device (Switch Type),

IPSAD1511 (1550nm) datasheet, [Revised Dic. 2015].

THORLABS, Polarization-Dependent Optical  Shutter/Switch,

BOA1004PXS datasheet, March. 2011 [Revised Dic. 2015].

Shake, I., Takara, H. and Kawanishi, S., Simple measurement of eye

diagram and BER using high-speed asynchronous sampling, Journal

of Lightwave Technology, 22(5), pp. 1296-1302, 2004. DOI:
10.1109/JL.T.2004.827669

Freude, W., Schmogrow, R., Nebendahl, B., Winter, M., Josten, A.

and Hillerkuss, D., Quality metrics for optical signals: Eye diagram,

Q-factor, OSNR, EVM and BER, Proceedings of 14th International

Conference on Transparent Optical Networks (ICTON), 2012, pp. 1-

4,

Agilent Technologies. Measuring extinction ratio of optical

transmitters. application note 1550-8 [Online]. 2001. [date of

reference February 1 of  2016]. Available at
http://cp.literature.agilent.com/litweb/pdf/5966-4316E.pdf.

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

V.H. Perilla-Martinez, received his BSc. in Electronic Eng. with emphasis
on Computational Intelligence, Telecommunications, and Control and
Digital Signal Processing from the Universidad Distrital Francisco José de
Caldas, Colombia in 2016. In 2015 he joined the Laboratory of Microwave,

107


https://doi.org/10.1109/LPT.2006.873359
https://doi.org/10.1109/JLT.2006.890441
https://doi.org/10.1364/OE.22.005029
https://doi.org/10.1109/JSTQE.2011.2126040
https://doi.org/10.1364/OE.22.011456
http://dx.doi.org/10.1063/1.342028
https://doi.org/10.1109/JSTQE.2011.2143697
https://doi.org/10.1109/JLT.2004.827669

Perilla-Martinez et al / DYNA 84(201), pp. 102-108, June, 2017

Electromagnetism and Radiation (LIMER) where he developed his final
project. His research interests include telecommunications and control.
ORCID: 0000-0002-9714-7126

G.A. Puerto-Leguizamén, received his BSc. in Telecommunications Eng.
in 2002. He joined the Institute of Telecommunications and Multimedia
Applications at the Universitat Politécnica de Valéncia in Spain where he
undertook Advanced Research Studies in 2005 and a PhD. in 2008. As a
postdoctoral researcher, he was co-leader of a workpackage, which dealt
with a new generation of physical technologies for optical networks under
the framework of the European funded project ALPHA (Architectures for
Flexible Photonics Home and Access Networks). Since 2012 he has worked
as an associate professor at the Universidad Distrital Francisco José de
Caldas in Bogota, Colombia, where he is a member of the team in the
Laboratory of Microwave, Electromagnetism and Radiation (LIMER). He
has published more than 40 papers in journals and international conferences,
and he is a reviewer for the IEEE Journal on Lightwave Technologies and
IEEE Photonic Technology Letters. His research interests include optical
networking and radio over fiber systems.

ORCID: 0000-0002-6420-9693.

C.A. Suérez-Fajardo, received his MSc. and PhD. in Telecommunications
Engineering from the Universitat Politécnica de Valéncia, Valencia, Spain,
in 2003 and 2006, respectively. In 2006, he founded the Laboratory of
Microwave, Electromagnetism and Radiation (LIMER) research group at the
University Distrital Francisco José de Caldas in Bogota, Colombia. In 2007
he became an associate professor at this University. He has published more
than 40 papers in journals and international conferences, and he is a reviewer
for the Chilean Journal of Engineering and the Journal of Antennas and
Propagation (IJAP). His research interests include wideband and multi-band
planar antenna design and optimization, microwave engineering, and applied
electromagnetic and small satellite communication systems.

ORCID: 0000-0002-1460-5831.

UNIVERSIDAD NINAL DE COLOMBIA

SEDE MEDELLIN
FACULTAD DE MINAS

Area Curricular de Ingenieria
Eléctrica e Ingenieria de Control

Oferta de Posgrados

Maestria en Ingenieria - Ingenieria Eléctrica

Mayor informacién:

E-mail: ingelcontro_med@unal.edu.co
Teléfono: (57-4) 425 52 64

108



mailto:ingelcontro_med@unal.edu.co

	1.  Introduction
	2.  Numerical model
	2.1.  MQW-SOA
	2.2.  XGC

	A simple model to describe XGC can be expressed as [19]
	3.  Modeling Setup
	4.  Results and discussions
	5.  Conclusions
	Acknowledgement
	References

