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Abstract: With the rapid development of microprocessors, more and more attention is paid to the advantages of
digital control of microprocessor power supplies as the output capacitor and its equivalent series resistance (ESR) are
gradually reduced, and sufficient stability is required for these digital multi-phase Buck controllers. Digital constant
on-time multi-phase controllers are studied. First, the stability conditions of the system are derived through a digital
compensation ramp (i.e., a ramp with a fixed slope in one switching cycle), the total inductor current information and
the charge changes at both ends of the output capacitor. Then, the requirements for the slope are obtained using the
stability conditions, where the effects of analog-to-digital converter (ADC) sampling delay and circuit propagation
delay are considered. Conclusions can be drawn by classifying and analyzing the overlapped and non-overlapped duty
cycles. Based on SIMPLIS simulations and by designing and changing the minimum compensation slope and the actual
slope parameters, it is found that the simulation results are consistent with the theoretical analysis results, showing the
accuracy of stability analysis for the digital multi-phase Buck converter.
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