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Abstract A quantum-dot semiconductor optical amplifier (QD-SOA) has the characteristics of picosecond gain
recovery time and ultrafast carrier concentration recovery. The combination of photonic crystal (PC) and QD-SOA
has the advantages of strong nonlinear effect, less absorption loss, high power transmission, and low power
consumption. The wavelength conversion characteristics of photonic crystal-quantum dot semiconductor optical
amplifiers (PC-QDSOAs) are studied, the influences of maximum mode gain, pumping power, detecting power,
and active region length on the Q-factor of PC-QDSOA wavelength conversion are analyzed, and the relationships
among the injection current, pumping power, detecting power, active region length, and extinction ratio of PC-
QDSOA wavelength conversion are analyzed in detail. The simulation results of QD-SOA and PC-QDSOA are
compared. The results show that the values of Q-factor and extinction ratio of PC-QDSOA are greater that that of
QD-SOA, which indicates that the output signal quality, signal transmission efficiency, and conversion performance
of PC-QDSOA are better than that of QD-SOA. The research results have guiding significance for the application of
PC-QDSOA.
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Table 1 Parameter selection table of PC-QDSOA

Parameter Description Value
h Planck contant 6.626X10"* Jes !
e Electron charge 1.6X107" C
c Light speed in vacuum 2.99792458X10° m * s
Ly Effective thickness of active layer 0.2 pm
Nq Surface density of QDs 5X10" ecm
Twe Electron relaxation time from WL to ES 3 ps
Ty Electron escape time from ES to WL 0.16 ps
TwR Spontaneous radiative lifetime in WL 2 ns
IR Spontaneous radiative lifetime in GS 0.4 ns
T Electron escape time from GS to ES 1 ps
Tow Electron escape time from ES to WL 1 ns
7 Line width enhancement factor 0.1
Qint Loss coefficient of light 320
r The first facet reflectivity 0
ry The second facet reflectivity 0
Vg Group velocity of light 108 mes?
R Radiation loss 0. 001 cm
E Saturation energy 0.07 pl
[ Carrier lifetime 20 ps
Ten Temperature relaxation rate 0.3 ps
TsHB Carrier-carrier scattering rate 0.1 ps
€cu CH nonlinear gain suppression factor 0.02 W!
€sB SHB nonlinear gain suppression factor 0.02 W !
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(b) input probe light waveform; (c) output pump light waveform; (d) output probe light waveform
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