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Optical Coherence Tomography (OCT) can perform in situ real time 2D and 3D 

imaging of tissue structure at sub-micrometer scale, outperforming conventional 

ultrasound by a factor of 10 to 100. OCT has been used to image the eyes, blood 

vessels, nerves, and other internal body structures. The key technological enabler of 

OCT is the wavelength-swept laser source, the output of which is varied repeatedly 

over a broad wavelength range by a tunable narrow bandpass filter inside the laser 

cavity. If the sweeping frequency of the tunable bandpass filter equals the 

fundamental frequency of the laser cavity or its harmonics, the laser is so-called 

Fourier domain mode-locked (FDML) [1]. In a FDML fiber laser, the light from the 

previous round trip returns back to the tunable bandpass filter exactly when the 

sweeping tunable bandpass filter returns to the same spectral position, thus the lasers 

no longer need to build up from spontaneous emission. The speed of the scanning 

tunable narrow filter can therefore be significantly higher than conventional 

wavelength sweep lasers. Fourier domain mocking locked lasers have a better noise 

performance, higher output power, and narrower spontaneous linewidth. With 

FDML fiber lasers, it is possible to sweep over 150 nm of bandwidth centered at 

1,300 nm, to have instantaneous linewidth of tens of pi co meters and repetition rates of 

hundreds of kilohertz. Besides OCT, FDML fiber lasers also find applications in 

spectroscopy and many other sensing systems. 

While there have been much progress in the experimental investigation of FDML 

fiber lasers, the corresponding theoretical analysis and simulation effort is hampered 

by the large time-bandwidth product, � 108. Recently, in order to reduce the 

computation requirement, it has been proposed to characterize the dynamics of the 

FDML fiber lasers by using the sweeping filter as the frame of reference [2,3]. The 

resulting equation of motion however is still computational intensive and cannot be 

used for analysis and optimization of the FDML fiber laser performance. We 

observe that in some of the physically important parameter regimes, further 

simplification of the model is possible because physical effects such as dispersion, 

and/or nonlinearity become negligible. The simulation speed can be increased by as 

much as two order of magnitude with such reductions. In this paper, we report a 

theoretical and simulation study of the FDML fiber lasers. We investigate the 

impact of different physical parameters including the linewidth enhancement factor of 



the amplifier on the FDML fiber laser dynamics. We have also determined the point 

spread functions which is an important parameter for the design and optimization of 

the FDML fiber laser systems. 
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