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Abstract The model of the vertical cavity surface emitting laser (VCSEL) was established by SIMULINK and the
influence of the spontaneous emission factor on the high frequency and large signal modulation response is studied.
The result shows when its value varied from 5X 10 ° to 5X 10 °, with the modulation index deepening, the peak
photon density will exhibit bifurcation and multi-period, then go back to single period. But if it reduces to 10", the
peak photon density will exhibit chaos at last. Furthermore, the position of the bifurcation occurs is depend on the
value of spontaneous emission factor. A large spontaneous emission factor can suppress the nonlinear behaviors of
VCSEL. The simulation results are agree with the experimental results reported in document.
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° » VCSEL 1 VCSEL t
e, Table 1 Values and descriptions of parameters of VCSEL
s used in simulationt'
VCSEL Symbol Description Value
. A Lasing wavelength 980 nm
, SIMULINK ay  Gain coefficient 1.4X10° em ™!
VCSEL ) a Equivalent cavity loss 50.3 cm™!
N(0) Carrier transparence density ~ 1.3X10" cm *
’ ’ d  Thickness of active region 0.1X10" em
’ VCSEL v, Group velocity 8.3X10° cm/s
’ Iy Longitudinal optical
) VCSEL confinement factor 0. 065
, ) ¢ Gain suppression factor 1X107"7 em?®
. Carrier lifetime in active layer 3 ns
5 B,  Bimolecular recombination
coefficient 1X107" em®s™!
., VCSEL 3
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Fig. 1 Schematic diagram of the SIMULINK model
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Fig. 2 (a) Bifurcation diagram of photon density versus modulation index;

(b) Double-period of photon density in time-domain
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(a) Period quadrupling of photon density in time-domain;

(b) Chaos of photon density in time-domain
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