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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain conect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any wananty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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The effects of cavity topology on instabilities in 
additive-pulse modelocked lasers 
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Abstract: 

We compare the stability properties of the Michelson and Fabry-Perot APM lasers. With 
excessive Kerr nonlinearity, the Fabry-Perot APM exhibits period-doubling while 
maintaining an autocorrelation of deceptively high quality. The Michelson APM never 
exhibits period-doubling, but is prone to multiple-pulsing. 
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The two most widely used APM laser configurations are the Fabry-Perot and the 

Michelson. The Michelson APM is reputed· to be more stable[l,2] due, presumably, to 

mechanical. considerations; i.e., the Michelson APM is less sensitive to vibration because 

the gain crystal is in the shared branch of the cavity. In addition, the two cavity arms 

whose lengths must be matched (to better ·than A/10) are shorter than the whole cavity 

length, thus minimizing the effects of air. currents. However, we find that the eooanced 
stability is not due solely to mechanical considerations. In this talk we demonstrate, both 

theoretically and experimentally, that these two cavity topologies exhibit different 

nonlinear dynamics and are therefore subject to different types of instabilities, regardless 

of vibrations and air currents. 

Experiments were performed in an NaCl F-center APM laser which was first 

configured in the Fabry-Perot geometry. While stable modelocking is easily obtainable at 

the proper power and fiber length, period-doubling and quasiperiodicity are observed 

when high levels optical power were coupled into the fiber in the control cavity. The 
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period-doubling is manifested by the generation of pulses with alternating pulse energies 

(fig. 1). Numerical simulations of the FP-APM exibit this period-doubling when the 

nonlinear Kerr coefficient is increased beyond a certain threshold. The simulations also 

show that there is pulse distortion during period-doubled operation [fig. 2(a)] although the 

simulated autocorrelation [fig. 2(b)] (which is the average of the autocorrelations of the 

large and small pulses) still appears to be of high quality. This is obsexved experimentally 

also [fig. 2(c)]. 

When the APM is reconfigured into the Michelson geometry, period-doubling is never 

obsetved. even when the fiber power is set at very high values. At these high powers 

though, the autocorrelations can show 3, 5, and even 7 peaks [figure 3(c)]. Pulse train 

instabilities do occur in the form of modulation and relaxation oscillations, but never 

period-doubling. Similarly, in simulations of the Michelson APM, increasing the Kerr 

nonlinearity does not cause period-doubling. In fact, the simulations do not produce any 

kind · of pulse train instability (relaxation oscillations require gain dynamics which are 

absent in our model). But as the nonlinearity is increased, the simulated laser generates 

distorted pulses with up to three peaks [fig. 3(a)], with correspondingly distorted 

autocorrelations [fig. 3(b)]. 

In conclusion, we find that the Mi~helson APM is less susceptible to pulse train 

instabilities than the Fabry-Perot APM due to the different nonlinear dynamics of the two 

cavity topologies. In addition, the effects of excessive nonlinearity are clearly shown in 

the pulse autocorrelations. 

This work was supported by the Director, Office of Energy Research, Office of Basic Energy Sciences, of the 

U. S. Department of Energy under Contract No. DE-AC03-76SF00098. 
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Figure caPtions; 

1. Period-doubled pulse-train from a Fabry-Perot APM laser. 

2. For the Fabry-Perot APM: (a) simulated intensity profiles of large and small pulses, 

(b) autocorrelation of simulated pulses (averaged), and (c) experimental 

autocorrelation produced during period-doubled operation. 

3. For the Michelson APM: (a) simulated intensity profile for large values of 

nonlinearity, (b) the corresponding simulated autocorrelation, and (c) experimental 

autocorrelation generated at high powers. 
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Figure 2 
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=Figure 3 
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