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Theoretical Study on Nonlinear Dynamics of Vertical-Cavity Surface-Emitting
Laser with Multiple External Optical Feedbacks
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Abstract The model of the vertical-cavity surface-emitting laser (VCSEL) is established using SIMULINK and the
nonlinear behaviors of VCSEL with multiple external optical feedbacks are studied using this model. For short
external cavities, the photon density shows periodic cosine undulation along the external cavity length whose period
is equal to half of the lasing wavelength; for relatively long external cavities, VCSEL undergoes the regions of
chaos, multiple, double and single period orderly with increasing the length of the external cavity, however, these
regions emerge contrarily with increasing the external cavity's reflectivity. If only the first feedback is taken into
account, the nonlinearity is weaker than the multiple feedbacks case due to neglecting the high-order feedbacks that
own a lot of energy. It is also shown that the nonlinear behaviors can be constrained by increasing the spontaneous
emission factor or decreasing the linewidth broadening factor.
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Fig. 2 Diagram of VCSEL SIMULINK model with three

external optical feedbacks
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Table 1 VCSEL parameters used in simulations

Parameter and symbol Value
Lasing wavelength A, 0.98 pm
Thickness of active region d 0.4 pm
Radius of device W 5 pm
Lateral confinement factor I'. 1.0
Longitudinal confinement factor I", 0.07

Group velocity V,

Linewidth broadening factor 3.
Carrier density at transparency N,
Spontaneous emission factor S,
Radiative recombination rate B
Mirror reflectivities Ry s R,
Solitary-laser round-trip time 7.
Equivalent cavity loss a

Gain suppression factor ex.
Carrier lifetime at threshold z,
Gain coefficient ay

Bias current I

8.1X10° em/s
4.8

1.3X10"® cm™®
1X107*
1X107 ecm®/s
0.997

0.04 ps

50 cm™!
1X107" cm®
2.7 ns
1.4X10%* cm™!
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