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Optical frequency combs (OFCs), characterized by high signal-to-noise ratio and fine time resolu-
tion, have made significant contributions in the field of time-frequency transfer (TFT) towards
long distance and high precision®. Ina TFT system, the phase time of the signals is the key element
to be measured, manipulated, and analyzed. While the phase time information of the OFCs is hard
to directly model and calculate via solving the nonlinear Schr&dinger equation (i.e., the common
approach to the OFC propagation problems) since it focuses on the envelope shape evolution of
the comb pulses?. Consequently, it is desired to figure out a quantitative description of the OFC
signal’s phase evolution to facilitate the subsequent analyses in a comb-based TFT system.

Here, we present a simplified model of OFC phase evolution during propagation, based on coher-
ent wave superposition, to quantitatively characterize the phase-related parameters. This model
enables various analyses, including assessing the impact of carrier-envelope-offset frequency and
repetition frequency fluctuations on the detected pulse phase, as well as evaluating pulse shape
variations induced by the fiber dispersion. Numerical simulations can further simplify and visual-
ize the calculations. For instance, Fig. 1 illustrates simulated and experimentally acquired broad-
ening effects and shape changes due to fiber dispersion, demonstrating strong consistencies. Future
optimization is expected to involve self-phase modulation and other nonlinear effects.
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Fig. 1: Broadening effects and shape changes of the OFC signal under different dispersion parameters:

model-based simulation results vs. experimentally measured results utilizing linear optical sampling (LOS)
technique®. Note: the x-axis of the experimental results is the rescaled relative time by multiplying a factor

of 107 in the LOS process.
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