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Numerical Simulation of Pico-second Gain and Index Nonlinearities in
Semiconductor Optical Amplifiers (SOAs)

HONG Wei, HUANG De-xiu, SUN Jun-giang, LIU De-ming
(Department of Opto-electronics Engineering , Huazhong University of Science and Technology » Wuhan, Hubei 430074, China)
Abstract Pico-second gain and refractive index nonlinearities in semiconductor optical amplifiers (SOAs) were
simulated using a multi-section model from the start of the rate equation. Carrier density variation induced by pulse

injection, aberration of the temporal profile of the output pulse, gain and phase change induced by pulse injection,

and frequency chirp on the output pulse were analyzed.
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Fig.1 Schematic diagram of SOA multi-section model
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Table 1 SOA parameters used in simulation

Length of active region (L) 500 pm

Width of active region (w) 2 pm

Thickness of active region (d) 0.2 pm

Facet reflectivity (R; ,Rz2) 0

Differential gain ( gn) 6.3X1072 m?
Loss of active region (ap) 4.0X10° m™!
Transparent carrier density (Np) 1.0X10% m~*
Mode confinement factor (I") 0.35

Referential injected current (Iyef) 100 mA
Referential peak-gain wavelength (Apeak) 1.55 pm
Peak-gain wavelength shift coefficient (ko)  3.2X 10732 m™¢
Linewidth enhancement factor (a) 3.5
Nonradiative recombination coefficient (¢;)  1.5X108 s7!
Bimolecular recombination coefficient (cz) 5X1071 mds™!
Auger recombination coefficient (c3) 9.0X1074 mbs~!
Gain constant 7 2.0X10¥ m~3
Gain constant 73 1.8X10% m™*
Number of sub-sections (n) 41
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Fig. 2 Temporal variation of carrier density in 1st, 11th, 21st, 31st, 41st sub-section for the input pulse peak power

(a) 0 dBm and (b) 10 dBm (dash line: input pulse temporal profile)
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Fig. 3 Input and output pulse temporal profile for the input pulse peak power
(a) 0 dBm; (b) 10 dBm
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Fig.4 Gain (a) and phase shift (b) temporal variation for 0 dBm and 10 dBm input pulse peak power, respectively
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Fig.5 Frequency chirp temporal variation for 0 dBm

and 10 dBm input pulse peak power, respectively
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