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Abstract The chirp characteristics of the converted signals in an all-optical wavelength conversion system based on
cross gain modulation of a semiconductor optical amplifier are analyzed. By means of numerical simulation, the
chirp and waveform changes of a return-to-zero code and a non-return-to-zero code after wavelength conversion are
studied. The relationships of the chirp wirh optical power, signal rate, wavelength, signal extinction ratio, symbol
waveform parameters, and bias current of the semiconductor optical amplifier are also studied. The results show
that when the number of symbols is small, the return-to-zero code has a larger chirp than the non-return-to-zero
code. When the proportion of rising edge (falling edge) is less than 10% of the signal cycle, the converted
waveforms of return-to-zero and non-return-to-zero codes both appear obvious the overshoot ( down-shoot)

phenomenon. The overshoot (down-shoot) causes the chirp peak value of the converted light to be larger than the
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chirp valley value. Increasing the bias current can reduce the overshoot and enhance the cross gain modulation

effect. The effect of bias current on chirp is different at different stages. The increase of data transmission rate

accelerates the change of carrier concentration and leads to the enhancement of chirp peak value (valley value). The

red shift of the gain peak under light injection makes the chirp sensitive to the reference light and signal

wavelengths. The change of extinction ratio can also change the carrier concentration in the semiconductor optical

amplifier, which affects the chirp of the converted light. Increasing the reference optical power or decreasing the

signal optical power can obtain a lower chirped signal. The results are of great significance to the practical

application of an all-optical wavelength conversion system based on the cross gain modulation effect of a

semiconductor optical amplifier.

Key words optical devices; semiconductor optical amplifier; cross gain modulation; wavelength conversion; chirp;

return-to-zero code; non-return-to-zero code
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Table 1 Physical parameters

Description Symbol Value Unit
SOA length L 500 pm
Material loss iy 20 em !
Cross-sectional area of active layer S 0.3 pm’
Differential gain a 2.5X107" cm’
Carrier density at transparency Ny 9X10" cm”?
Gain constant 71 7.4X10" m ’
Gain constant 7y 3. 155X 10% m !
Gain constant Ko 3X10°%* m'
Differential refractive index dn/dN —1.2X10° % mt
Electron charge e 1.6X10°" C
Current I 50 mA
Non-radiative recombination constant A 1X108 g !
Bimolecular recombination constant B 2.5%10 " em® o !
Auger recombination constant C 0. 94X 102 em’ o 5!
Group velocity v, 7. 5%107 ms!
Confinement factor y 0.3
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(al)(a2)(a3) NRZ code; (bl)(b2)(b3) RZ code
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(a)(c)(e) NRZ code; (b)(d)(f) RZ code
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(a)(c)(e) NRZ code; (b)(d)(f) RZ code
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(a)(¢) NRZ code; (b)(d) RZ code
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