



DOUBLE-FREQUENCY BUCK CONVERTER

ABSTRACT

Improving the efficiency and dynamics of power converters is a concerned trade off in power electronics. The increase of switching frequency can improve the dynamics of power converters, but the efficiency may be degraded. The demand of high-performance power converter is increased dramatically with the broadening of power converter’s application fields. In order to improve the transient and steady state performance of power converters and to enhance power density, high switching frequency is an effective method. However, switching frequency rise causes higher switching losses and greater electromagnetic interference. This, in turn, limits the increase of switching frequency and hinders the improvement of system performance. Active and passive soft-switching techniques have been introduced to reduce switching losses. A single-phase boost-type zero-voltage-transition (ZVT) pulse width-modulated converter proposed in adopts an additional shunt resonant network to form an additional Boost cell to realize soft switching of the main switches. However, the auxiliary switches operate in hard switch and high frequency.

A double-frequency (DF) buck converter is proposed to address this concern. This topology consists of a high-frequency buck cell and a low-frequency buck cell; and we call it the “double frequency buck converter” (DF buck).This converter is comprised of two buck cells: one works at high frequency, and another works at low frequency. The high frequency buck cell is used to enhance the output performance, and the low-frequency buck cell to improve the converter efficiency. It operates in a way that current in the high-frequency switch is diverted through the low-frequency switch. Thus, the converter can operate at very high frequency without adding extra control circuits. Moreover, the switching loss of the converter remains small. The proposed converter does not need the load transient change information for accurate current control and does not have the current circulating problem. Extension to double-frequency switch-inductor three-terminal network has also been described.

 The proposed converter exhibits improved steady state and transient responses with low switching loss. An ac small-signal model of the DF buck converter is also given to show that the dynamics of output voltage depends only on the high-frequency buck cell parameters, and is independent of the low-frequency buck cell parameters. 

A current programmed mode (CPM) control circuit is used to control the proposed DF buck converter. Simulation and experimental results demonstrate that the proposed converter greatly improves the efficiency and exhibits nearly the same dynamics as the conventional high-frequency buck converter. Furthermore, the proposed topology can be extended to other dc–dc converters by the DF switch-inductor three-terminal network structure.
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