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Chapter 1

Power Semiconductor
Devices for Variable
Frequency Drives

1.1. INTRODUCTION

Improvements in the performance of variable frequency drives have been directly
related to the availability of power semiconductor devices with better electrical
characteristics [1, 2]. It has been found that the device performance determines the
size, weight, and cost of the entire power electronic system. For power-switching
applications, an ideal power device must be able to support a very large voltage in
the off-state with negligible leakage current, carry high current in a small area with a
low on-state voltage drop, and be able to switch rapidly between the on- and off-
states. In addition, it is preferable for the device to be able to regulate the rate of rise
of current when it is turned on and to limit the current in the circuit under faulty
operating conditions without the aid of external circuit elements. Although much
progress has been made in achieving these goals, the ideal device continues to elude
the power semiconductor designer, thus providing strong motivation for further
research and development in this area.

The introduction of the power thyristor in the marketplace in the 1950s marked
the beginning of the revolution in solid-state-device-based power electronics. Since
then, a steady growth in the ratings of the thyristors and their operating frequency
has enabled extension of their application to motor control. The growth in thyristor
ratings can be traced with the aid of Figure 1-1. Starting with the introduction of 500
volt devices, the blocking voltage capability has been scaled to exceed 6500 volts.
This very high voltage blocking capability has been achieved by the ability to pro-
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duce very uniformly doped high-resistivity N-type silicon by neutron transmutation
doping (NTD). The NTD process allows the conversion of a silicon isotope into
phosphorus by the absorption of a thermal neutron. A very uniform doping con-
centration can be produced throughout the wafer if a uniform neutron flux distribu-
tion can be achieved. The sudden increase in blocking voltage capability for
thyristors in the 1980s indicated in Figure 1-1 a can be traced to the availability of
NTD silicon wafers. There has been a concomitant increase in the current-handling
capability for the power thyristors as indicated in Figure 1-lb. Since the on-state
current density for the device has not changed over the years due to the relatively
unchanged thermal impedance of the device package, this increase in current ratings
has been possible by the availability of larger-diameter silicon wafers. Single devices
are now manufactured with wafers of 4 inches in diameter.

Following the introduction of power thyristors in the 1950s, many bipolar
power devices were introduced with improved electrical characteristics during the
next 20 years. Among these, the power bipolar transistor was the key to extending
the operating frequency of power systems above 1 kHz. Bipolar power transistor
ratings were continuously increased over the years until devices with 600 volt block-
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