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Brief description:

A primary aim in the design of power conversion circuitry is to attain high efficiency. Advantages include
reduced lifetime energy consumption and reduced cooling requirements. The main candidate power
semiconductor devices for applications such as:




grid-tie inverters;
industrial machine drives;
electric vehicle drives;




silicon IGBTs and fast recovery diodes, or
emerging devices, typically the silicon carbide (SiC) MOSFET.




The device’s intrinsic diode has a highly adverse reverse recovery characteristic.
The output capacitance of the device has an extremely non-linear characteristic. Whilst beneficial in
single-ended circuits, for example, SMPS power factor correction stages, it is highly problematic in
VSCs.

are generally considered to fall into these categories:

Of the two, the latter is seen as a higher-cost option with improved performance in terms of efficiency and
consequent systems-level benefits, but with implementation challenges such as more rigorous gate-driver
requirements. However, this tutorial will examine whether silicon technology has been fully exploited. To
this end, the silicon super-junction (SJ) MOSFET will be considered from an applications standpoint to
assess whether it offers a useful third option on the performance-cost curve. The SJ MOSFET has been used
extensively in SMPSs where it can enable very high efficiencies to be attained. However, the topologies used
in the applications addressed here generally fall within the voltage source converter (VSC) category. For the
following reasons, the SJ MOSFET presents significant challenges if it is to be advantageously deployed in
VSCs.

Several solutions will be presented and discussed. A key feature of the tutorial is that the theory presented
will be supported by several hardware examples of SJ devices successfully deployed in VSCs.

Outline:

The tutorial will be organized into the following main sections:

The challenges encountered - and solutions in the literature - when using silicon super-junction (SJ)
MOSFETs in VSCs will be reviewed in detail.
A simple equation will be presented that gives the minimum losses attainable with SJ MOSFETs in hardswitched VSCs.
A taxonomy of techniques for advantageously deploying SJ MOSFETs in VSCs, including multilevel
variants, will be presented. A flowchart-based design methodology will be presented. This will describe how
low-cost ancillary circuitry can be optimally located within a VSC to enable it to advantageously use SJ
devices.
Whilst the VSC is the most commonly implemented topology family, the current source converter (CSC) and
Z-source converter (ZSC) are alternatives. The potential systems-level advantages of deploying the SJ
MOSFET in CSCs and ZSCs will be considered.

The very particular design challenges presented by the passive components needed to facilitate the
deployment of SJ devices in VSCs will be identified and discussed.
An approach for informing the optimum die area selection when using SJ MOSFETs in high-efficiency
power converters will be discussed. Traditional figures of merit are of limited relevance when applying SJ
devices in VSCs, and a revisited figure of merit will be presented.
Practical examples of techniques being applied to address the challenges shown by the SJ MOSFET will be
presented. As well as in two-level VSCs, these will be demonstrated in multilevel and ZSC topologies.
Whilst work on the SJ MOSFET will be presented in the tutorial, its potential applicability to emerging
devices will also be discussed.
Finally, ongoing research in the field will be covered and several areas identified for future research will be
highlighted.
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