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Abstract: To address the phase shift between primary and secondary sides caused by frequency
elevation in LLC resonant converters under overload current limiting conditions, which
complicates synchronous rectification control, this study proposes a digital synchronous
rectification control method. An equivalent model of the LLC converter under overload current-
limiting conditions is established to analyze the phase shift generation mechanism and reveal the
relationship between phase shift, output voltage, and switching frequency. By applying a
simplified optimal trajectory control approach and analyzing state trajectory diagrams, fitting
equations for phase shift characteristics under varying output voltages are derived. A phase shift

angle is preset in the controller to reduce computational complexity. Only voltage feedback
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signals are required to achieve phase shift compensation for synchronous rectification, generating
A half-bridge LLC
converter prototype with 270 V input voltage and 28 V output voltage is built for overload

accurate control signals without additional detection or control circuits.

current-limiting experiments with a 50 A current limit across a 350—900 kHz frequency range.
The experimental results demonstrate that the proposed phase shift compensation method
effectively tracks phase shift variations, achieving precise synchronous rectification control in
both steady-state and transient processes. The proposed digital synchronous rectification control
method exhibits strong adaptability across wide frequency ranges and effectively suppresses

malfunctions caused by phase shifts, significantly enhancing the operational reliability of the

60 %

converter under overload current limiting conditions.
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optimal trajectory control
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Fig. 14 Phase shift curve within the +10% variation

range of the resonant inductor
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