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ABSTRACT   -  This lecture presents the basics of X-parameter theory, describes practical X-parameter measurements using a novel Nonlinear Vector Network Analyzer instrument, and demonstrates how this data can be used directly in commercial nonlinear simulators for the design of nonlinear circuits and systems. Each piece (measurement, mathematical formalism, and simulation) of the puzzle has been created, and they now fit together, seamlessly. This results in an automated, high-throughput, interoperable system for predictable measurement-based (and simulation-based) nonlinear design with X-parameters [4]. X-parameters can be immediately used to reconstruct the time-domain waveforms, estimate nonlinear figures of merit (FOM) such as IP3 and ACPR, design multiple stage amplifiers and RF subsystems, and optimize system performance as a function of the DUT characteristics and design parameters. The simulation is accomplished by an auto-configurable nonlinear frequency-domain simulation block, based on an extended Poly-Harmonic Distortion (PHD) framework for black-box nonlinear behavioral modeling [1-4]. The PHD framework enforces required DUT properties such as time invariance and Volterra constraints for extrapolation to very low signal levels.  The efficacy of X-parameters is demonstrated by predicting the nonlinear effects of power-dependent mismatch of cascaded amplifiers from measured X-parameter data of the individual components. The Xparameter method for characterizing output match under drive is evaluated, quantitatively, and demonstrated to be superior to the “hot S22” method that is shown to be incomplete.
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