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Transmission Line Modeling and Frequency Response Prediction Based on Propagation
Characteristic Estimation for Connector-Coupled HDMI Cable Assemblies
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Abstract

In this study, we propose a modeling and frequency-response estimation method that uses measured responses at connectorized
high-speed cable assemblies to separately model the connectors and transmission-cable section. We then combine these models to
reconstruct the transmission path, perform de-embedding, and accurately predict the frequency response under cable-length extension.
In high-speed transmission cables with internally twisted conductors, oscillation and discontinuity may occur in the extracted propagation
constant under the assumption of a uniform transmission line. To address this issue, physically constrained stabilization conditions and
a joint optimization method are introduced, and their validity is demonstrated even for practical high-speed interconnects with
nonuniform internal structures. Because the proposed method has a mathematical generality that is not restricted to a specific geometry,
it is expected to contribute to the tolerance analysis of high-speed serial interface channels, wiring optimization of automotive electrical
harnesses, routing design and analysis in aerospace applications with very long and complex wiring paths, on-chip interconnect analysis,
and system-level margin analysis from the signal integrity/electromagnetic compatibility perspective.
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