
 

Genetic algorithm-based optical filter optimization for high
speed wavelength conversion based on a semiconductor
optical amplifier
Citation for published version (APA):
Li, Z., Molina Vázquez, J., Liu, Y., Tangdiongga, E., Zhang, S., Khoe, G. D., Dorren, H. J. S., & Lenstra, D.
(2007). Genetic algorithm-based optical filter optimization for high speed wavelength conversion based on a
semiconductor optical amplifier. In Proceedings of the 2007 European Conference on Lasers and Electro-Optics
and the International Quantum Electronics Conference (CLEO E-IQEC 2007) 17-22 June 2007, Munich,
Germany (pp. C1-1500-1/1). Institute of Electrical and Electronics Engineers. https://doi.org/10.1109/CLEOE-
IQEC.2007.4386431

DOI:
10.1109/CLEOE-IQEC.2007.4386431

Document status and date:
Published: 01/01/2007

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023

https://doi.org/10.1109/CLEOE-IQEC.2007.4386431
https://doi.org/10.1109/CLEOE-IQEC.2007.4386431
https://doi.org/10.1109/CLEOE-IQEC.2007.4386431
https://research.tue.nl/en/publications/b9242858-c327-431c-af0d-c6e02aa7224d


Genetic algorithm-based optical fi'lter optimization for high speed wavelength
conversion based on a semiconductor optical amplifi'er

Zhonggui Li, Javier Molina Vazquez, Yong Liu, Eduward Tangdiongga, Shaoxian Zhang, G.D. Khoe,
H.J.S. Dorren and Daan Lenstra(a) (Emal. Zhonggui.li@,tue.nl)

COBRA Research Institute, Eindhoven University ofTechnology, The Netherlands.
(a) Department ofElectrical Engineering, Mathematics and Computer Science, Delft University ofTechnology,

The Netherlands.
We numerically optimize an optical filter through a Genetic Algorithms (GA) in the context of high speed non-inverted
wavelength conversion based on a single semiconductor optical amplifier (SOA). An optical filter is critical in the
SOA-based wavelength converter because it enables high-speed operation through converting the ultra-fast chirp
dynamics of the probe into useful amplitude modulation [1, 2]. In this work we investigate how to optimize the filter to
achieve optimal performance of the wavelength converted signal. Moreover, the robustness of the optimized filter
against SOA operation conditions is also explored. Similar filter optimization has also been performed but in a manual
way [3].

First we model the SOA-based wavelength conversion at 160 Gbit/s following the principle shown in Fig.1 and
using a comprehensive pulse propagation model [4]. The numerical output from this model is the input to the GA filter
optimization. This input does not change during the optimization. A fourth order Hermite-Gaussian sum series is used
to describe the filter transfer function. The GA optimizes the coefficients of the sum series and the parameters of the
Gaussian function to achieve the maximum fitness value, which is a weighted sum of the eye opening (EO) and the
peak power of the output signal from the filter.

Fig.2(a) shows the spectrum of the input signal (solid) to the GA and the optimized filter transmission (dashed). It is
noted that the optimized filter has a dip that coincides with the probe and suppresses it considerably. Fig.2 (b) shows the
spectrum of the output signal from the optimized filter and the corresponding eye diagram (inset). A clear open eye
diagram is observed (33 dB EO), indicating the excellent performance of the GA. It is seen that the optimized filter
selects the blue-shifted side band of the probe and the output signal has a low power. A tradeoff between the EO and the
output power is observed in the optimization.

The robustness of the optimum filter is tested through changing the input optical signal through adjusting the
operation parameters, such as linewidth enhancement factor oc, probe power, pump pulse energy and the injection
current.. The dependences of the output signal quality, represented by the Q-factor and the EO on the SOA parameters
are investigated. The results show that a larger oc is beneficial for the output because both Q-factor and EO increase
with increasing oc. It is also shown that suggests that the EO reaches its maximum when the corresponding parameter
reaches their default values, but the Q-factor changes monotonously. The optimum filter generated by the GA is robust
against the SOA operation conditions (not shown). Our work also suggests that the optimum filter can be
experimentally implemented through a combination of delay-interferometer and an optical bandpass filter, as was used
in [1].

In summary, we apply a GA to optimize numerically the filter transfer function used in high-speed non-inverted
wavelength conversion. Output signal with high EO has been achieved. The robustness of the optimized filter is tested
against the SOA operation parameters and it is found that it offers a broad dynamic range.
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Fig.2 (a) The probe spectrum at the exit of the SOA
(solid) and the transmission of the optimized filter
(dashed). (b)The probe spectrum at the exit of the
optimized filter and the corresponding eye diagram
(inset).
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