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Abstract:
Intensity fluctuations (intensity noise) at 25 MHz of two semiconductor lasers are studied
experimentally and theoretically. At this frequency two sources of intensity noise can be examined;
quantum noise and noise originating from longitudinal mode competition. This latter source of noise
occurs when more than one longitudinal mode competes for laser power.

The intensity fluctuations for a free running laser diode (with no external optical feedback) and an
external cavity laser (with external optical feedback) are measured as a function of injection current.
An experimental value for the shot noise limit (the standard limit predicted by quantum mechanics) is
also obtained, and all laser noise measurements are compared with this limit. We find that at twice the
threshold injection current, the intensity noise of the free running laser is only 3.5 dB above the shot
noise limit, and that of the external cavity laser 5 dB above the shot noise limit.

The ratio of the intensities of the main longitudinal mode to the side longitudinal modes is measured
for both lasers, also as a function of injection current. We find that the intensity noise is decreased
when the side modes are suppressed.

Single mode semiclassical and fully quantum mechanical theories are used to model the intensity noise.
The two theories predict similar levels of intensity noise at low injection currents; at higher injection
currents where quantum noise sources not included in the semiclassical theory play a role, the noise
predictions of the two theories deviate. In particular, the semiclassical theory predicts noise below the
shot noise level at high injection currents, even when the injection current carries the full shot noise.

Both theories generally predict lower levels of intensity noise than that which is measured; the single
mode theories do not account for longitudinal mode competition noise. Thus we conclude that
longitudinal mode competition is a significant source of intensity noise even when the side modes are
suppressed below the main mode more than 30 dB. Thus a multimode theory may be necessary to
effectively model the intensity noise of semiconductor lasers. 
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