EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Towards terabit/s wavelength conversion with a single
semiconductor optical amplifier and an optical bandpass filter

Citation for published version (APA):

Li, Z., Liu, Y., Molina Vazquez, J., Tangdiongga, E., Zhang, S., Khoe, G. D., Dorren, H. J. S., & Lenstra, D.
(2007). Towards terabit/s wavelength conversion with a single semiconductor optical amplifier and an optical
bandpass filter. 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.
C1-1336-1/1). Institute of Electrical and Electronics Engineers. https://doi.org/10.1109/CLEOE-
IQEC.2007.4386426

DOI:
10.1109/CLEOE-IQEC.2007.4386426

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
DOl 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.2007.4386426
https://doi.org/10.1109/CLEOE-IQEC.2007.4386426
https://doi.org/10.1109/CLEOE-IQEC.2007.4386426
https://research.tue.nl/en/publications/00028701-b74f-499f-b249-b597ea6667eb

Towards Terabit/s wavelength conversion with a single semiconductor optical

amplifier and an optical bandpass filter

Zhonggui Li, Yong Liu, Javier Molina Vizquez, Eduward Tangdiongga, Shaoxian Zhang, G.D. Khoe,
H.J.S. Dorven and Daan Lenstrafa) (Emai: Zhonggui. lil@tue.nl)
COBRA Research Institute, Eindhoven University of Technology, The Netherlands.
{a) Department of Electrical Engineering, Mathematics and Computer Science, Delft University of Technology,
The Netherlands.
Despite the relatively long carrier lifetime of a semiconductor optical amplifier (SOA), all-optical wavelength
conversion based on a single SOA at 320 Gb/s has been achieved through a detuned filtering technique [1]. The
function of the filter is to convert the probe chirp dynamics into amplitude modulation. Due to the ultra-fast chirp
dynamics, this scheme is expected to work at much higher bit rates. In this work we numerically investigate the
possibility of all-optical wavelength conversion at 1 Th/s based on a single SOA and a Gaussian optical bandpass filter.

A comprehensive model [2] 1s employed to carry out the simulations for the carrier dynamics in an SOA. The ultra-
short pulse propagation in an SOA is modeled through a nonlinear Schrédinger equation, which also accounts for gain
dispersion and group velocity dispersion. The model has been used to simulate the gain recovery dynamics for 2 ps
pulse with good agreement with experimental results [3]. In this work the input pump data is 2°-1 pseudo-random
binary series RZ signal. For every run 256 bits are propagated after an mitial stabilization process for the SOA. The
nput pulses are Gaussian with a pulse width of 200 fs.

Fig.1 shows the output from a 12 nm (1.5 THz) Gaussian filter when it is tuned to the probe center frequency. In
Fig.1{a), a eye diagram degradation induced by strong pattern effect is clearly shown. An ultra-fast gain recovery
component induced by the ultra-fast carrier dynamics and followed by the slow gain recovery process 1s clearly visible
[Fig.1{a)]. The ultra-fast carrier dynamics are known to enhance the XGM depth [4] and are instrumental for XGM
based wavelength conversion. However, the closed eye diagram suggests a bad performance. The pattern effect is
significantly reduced when the OBF is detuned to the shorter wavelength by 16 nm, as shown in Fig.2. The clear open
eye diagram suggests the possibility for 1 Th/s wavelength conversion. The probe power fully recovers during one bit
[Fig.2{a)] and an open eye diagram is observed [Fig.2(b)]. The fluctuation reduction is more significant for the inverted
‘0" (lower power) level than the inverted ‘1° (higher power) level, consistent with the experiment [1]. In Fig.2, a
stronger overshoot 1s observed at the leading edge of the (inverted) pulses than that at the trailing edge, as also shown in
[1].

To quantify the performance of the output signal, a Q-factor 1s defined as the difference of the mean power
(between the inverted ‘0" level and inverted ‘17 level) divided by the sum of standard deviations of both levels. Our
results show that the Q-factor increases with filter detuning until a maximum is reached With further increasing
detuning, the output signal 1s distorted during the transition inverted to non-inverted. Higher probe power increases the
QQ-factor; however, eye opening decreases with too strong probe since the available gain is reduced due to more gain
saturation. It also shows that larger detuning is needed for smaller pump pulse energy while too high pump pulse energy
(e.g, 50 tJ) does not provide a larger Q-factor than smaller pump pulse (10 £7).

In summary, extensive numerical simulations suggest that | Tb/s inverted wavelength conversion is possible with a
single SOA and a detuned filter. Preliminary results show that, with the help of a delay-interferometer, non-inverted
wavelength conversion at 1 Th/s is also possible.
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Fig.1 Waveform (a) and eye diagram Fig.2 Waveform (a) and eye diagram
(b) without filter detu_m'ng. The (b) with 2 THz detuning. The energy
energy of the pump pulse is 10 fJ and of the pump pulse is 10 fJ and the
the power of the probe is 5 mW. power of the probe is 5 mW.
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