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AL U H Guided Spontaneous-Emission Circuit Technique with Improved

Optical Power Resolution
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Optical fiber sensing (OFS) has attracted considerable attention for a wide range of
applications. These include industrial and environmental monitoring, long-distance
transmission, and wide-area distributed sensing. Conventional optical power measurement
approaches are often limited by gain saturation and nonlinear effects, which degrade
measurement accuracy and stability. To overcome these limitations, this study proposes and
investigates a novel nonlinear EDF-based optical circuit technique designed to significantly
improve optical power resolution (OPR). The proposed circuit, previously referred to as the
amplified spontaneous emission nonlinear circuit (ASENLC), is hereafter renamed the guided
spontaneous-emission circuit (GSEC).

In recent years, a high OPR technique using an amplified spontaneous emission feedback
circuit (ASEFC) has been reported to significantly improve OPR. ASEFC is a feedback fiber
loop that consists of a gain medium that operates at the lasing threshold. Furthermore, the
pumping direction dependence of the GSEC technique was investigated, thereby significantly
improving the OPR in optical measurement systems. The results showed that forward
pumping provides significantly higher OPR improvement than backward pumping.
Furthermore, numerical simulations were conducted to evaluate the performance of the GSEC

technique in improving OPR. Experimental results demonstrated maximum slope values of



9.5 and 4.4 for forward and backward pumping, respectively, at an output wavelength of
1532.5 nm. The maximum slope of forward pumping was more than twice that of backward
pumping. Numerical simulations of the mode field diameter (MFD) dependence revealed that
the maximum slope increased with increasing MFD and reached a maximum value of 12.6 at
1533 nm.

Additionally, the basic characteristics of the GSEC technique were experimentally
investigated using both single-stage (SS-GSEC) and dual-stage (TS-GSEC) configurations.
The SS-GSEC achieved a maximum slope (Smax) of 22.8 using a 20.4-m EDF for forward
pumping at 1532.5 nm.

Finally, in the dual-stage GSEC (TS-GSEC) configuration achieved, a maximum slope of
approximately 30.6 the T'S-4, which consisted of two EDFs with a total length Ltot =36.3 m
at an output wavelength of 1532.5 nm. Therefore, these results demonstrate that the proposed
GSEC technique enables high-resolution optical power measurement and significantly

improves OPR, representing a significant contribution to optical fiber sensing technology.
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