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Theoretical study on chirp of wavelength conversion based on QD-SOA
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Abstract: Chirp characteristics of signal light can largely affect the performance of quantum-dot semiconductor optical
amplifiers (QD-SOA) , cause the walk-off effect of transmitted signal and increase the bit error rate. To improve this situation,
chirp characteristics of QD-SOA all-optical wavelength converters were analyzed. Based on all-optical wavelength conversion
principle of QD-SOA’ s cross-gain modulation (XGM) , using Newton’ s method and 4-order Runge-Kutta method, rate equations
and light field transmission equation were solved, chirp values of converted light of a QD-SOA all-optical wavelength converter
were calculated with the change of injection current, pumping light pulse width and extinction ratio of pumping light. The results
show that increasing pulse width of pumping light, reducing injection current and extinction ratio of pumping light can reduce the
chirp value of converted light. The impact of chirp can be reduced by optimizing these parameters. But during the design of QD-
SOA all-optical wavelength converters, the balance between extinction ratio of pump light and chirp of conversion light should be
considered.
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Table 1~ QD-SOA parameters for numerical simulation!'3-181%]

parameter value
maximum modal gain g, 15.0cm
QD-SOA length L 2mm
thickness of wetting layer L 0.2pm
QD-SOA width W 2 pm
surface density of QDs N, 5 x10"¢em?
electron relaxation time from ES to GS 75, 0. 16ps
electron escape time from GS to ES 7, 1.2ps
spontaneous radiative lifetime in QD 7, | 0.4ns
electron escape time from ES to WL Ta 1ns
electron relaxation time from WL to ES 7, 3ps
absorption coefficient of the material a, 3cm
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Fig. 1 Converted signal pulse and the associated chirp
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Fig.2  Chirp of converted signal vs. injected current
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Fig.3 Temporal chirp under different pump pulse width
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Fig.4  Chirp of converted signal vs. pump pulse width
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Fig.5 Temporal chirp under different pump extinction ratio
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Fig. 6  Chirp of converted signal vs. extinction ratio of pump light
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