Accurate measurement of magnetic loss in power converters is a critical task for optimizing their performance. However, timing skew between measurement channels can lead to an unacceptable error in power loss measurements, and its quantification has historically posed a significant challenge to precise in-situ magnetic loss measurement. This thesis addresses this issue by introducing mathematical models and innovative measurement methods. The mathematical model is first established to analyze the influence of timing skew on magnetic loss measurements in a DC-DC converter. The first method, called Intersection method, disentangles the relationship between timing skew and magnetic loss in a DC-DC converter using a mathematical model. Building upon this, the second method, called Dual-curve Derivative method, enhances measurement accuracy and repeatability. The mathematical model in improved considering the loss mechanism of the magnetic component and an improved method, named Triple-curve Derivative method, is then developed to significantly improves magnetic loss measurement accuracy and in-situ measurement capabilities, specifically for lossier magnetic components. Experimental validation and a comprehensive comparative analysis of these three methods are conducted to corroborate the theoretical analysis.
Prior methods necessitated a dedicated space on the PCB, resulting in heightened intrusiveness, with capacitance values reaching several nanofarads, which regrettably had adverse effects on the overall circuit's operation. An improved Dual-curve Derivative method is then developed, which not only enhances measurement accuracy but also significantly reduces its impact on the power converter. The operational principles and performance of the improved Dual-curve Derivative method are verified in simulation and validated in experiments in a DC-DC step-down buck converter, subject to various realistic circuit parameters. This method is validated through simulations and experiments under various circuit parameters. The variations in actual timing skew and real inductor loss are minimal, resulting in an overall error in the obtained inductor loss within ±4%. This underscores the utility of the proposed improved Dual-curve Derivative method as a realistic, practical, accurate, and efficient tool for achieving direct in-situ magnetic loss measurement. Furthermore, this method has been extended to facilitate core loss measurement, enabling the precise separation of core and winding losses from the aggregated magnetic loss in direct measurement experimentally. 
In addition to the loss measurement methodology, this thesis delves into the study of high-bandwidth current shunts. This exploration is motivated by the advancements in Wide Bandgap (WBG) devices, which demand accurate current measurements at high-frequency applications, essential for both direct loss measurement and component characterization. The proposed high-bandwidth current shunts are meticulously constructed using thin-film resistors and innovative PCB layout designs. These resistors are arranged in a coaxial structure to enhance magnetic field cancellation and minimize parasitic inductance. With the introduction of a novel interleaving PCB layout design, the parasitic inductance of the shunt is further reduced, resulting in a higher measurement bandwidth. To validate the performance of these shunt prototypes, they were built and measured using a 2-port network analyzer. The results indicate an impressive 3-dB bandwidth exceeding 2 GHz with a resistance of 100 mΩ. This achievement presents an appealing solution for current measurements in the gigahertz frequency range.
In summary, this paper contributes innovative methods for direct in-situ magnetic loss measurement, core loss separation, and high-bandwidth current measurement, offering practical solutions for power converter optimization and design validation.
