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INTRODUCTION

RESULTS AND DISCUSSION

The performance limitations of Si based semiconductor switches have led to their

gradual replacement by silicon carbide based switches in many applications. The

need for more efficient and more reliably powered electronic devices has led to the

use of Wide Band Gap (WBG) materials like Silicon Carbide. In this work the effect

of replacing a Si Schottky diode with an equivalent SiC based device for a 48V-5V

step-down DC-DC converter has been studied. The performance of the converter

is experimentally evaluated and the power loss measurements are reported,

followed by a discussion of the results

Wide bandgap semiconductors, such as Silicon Carbide (SiC), have attracted a

great deal of attention for power electronic applications, as they offer numerous

advantages compared to their silicon counterparts [1,2]. The high carrier drift

velocity leads to fast charge removal and hence very fast switching times. With no

reverse recovery charge observed in the switching characteristics, very high

frequency operation is possible and there will be negligible switching losses in the

diode [3,4].
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The SiC rectifier showed lower overall switching losses, due to its lower

reverse recovery current and extremely fast switching. However, since the

forward voltage drop is high, because of the WBG (3.2 eV) of the material, the

conduction loss dominated the overall losses of the converter which led to a

net decrease in efficiency. However, a large reduction in MOSFET power

losses shows less stress on the switching device. The very low switching

losses of the silicon carbide diode indicate that this device can be used at very

high switching frequencies. Since switching losses dominate conduction

losses at high frequencies, the use of SiC diodes will be far superior and

higher efficiency can be achieved.

Despite the SiC diode showing lower switching losses, its higher conduction

losses dominate and the overall efficiency was reduced by 2.75%.

However, the 27.3% reduction in MOSFET power losses shows less stress on

the switching device and hence the switching device requires a considerably

smaller heatsink. Since switching losses dominate conduction losses at high

frequencies, the use of SiC diodes will be far superior and higher efficiency can

be achieved.

The data shows that the power losses in the Si Schottky diode are dominated by

switching losses. On the other hand, the SiC diode showed considerably lower

switching losses because of its increased commutation time hence the SiC based

converter showed 33% less MOSFET switching loss. The turn-on and turn-off times

of the SiC diode, and hence those of the MOSFET, were greatly reduced in

comparison to the data for the Si Schottky diode.
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