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Power electronics started with the development of the mercury arc rectifier. Invented by Peter Cooper Hewitt
in 1902, it was used to convert aternating current (AC) into direct current (DC). From the 1920s on, research
continued on applying thyratrons and grid-controlled mercury arc valves to power transmission. Uno Lamm
developed a mercury valve with grading electrodes making them suitable for high voltage direct current power
transmission. In 1933 selenium rectifiers were invented.& #91;1& #93;

R. D. Middlebrook made important contributions to power electronics. In 1970, he founded the Power
Electronics Group at Caltech.&#91;4&#93; He developed the state-space averaging method of analysis and
other tools crucial to modern power electronics design.& #91;5& #93;

In 1982, the insulated-gate bipolar transistor (IGBT) was introduced. It became widely available in the 1990s.
This component has the power handling capability of the bipolar transistor and the advantages of the isolated
gate drive of the power MOSFET.

The capabilities and economy of power electronics system are determined by the active devices that are
available. Their characteristics and limitations are a key element in the design of power electronics systems.
Formerly, the mercury arc valve, the high-vacuum and gas-filled diode thermionic rectifiers, and triggered
devices such as the thyratron and ignitron were widely used in power electronics. As the ratings of solid-state
devices improved in both voltage and current-handling capacity, vacuum devices have been nearly entirely
replaced by solid-state devices.

Practical devices have a non-zero voltage drop and dissipate power when on, and take some time to pass
through an active region until they reach the "on" or "off" state. These losses are a significant part of the total
lost power in aconverter.

Semiconductor devices exist with ratings up to a few kilovolts in a single device. Where very high voltage
must be controlled, multiple devices must be used in series, with networks to equalize voltage across all
devices. Again, switching speed is a critical factor since the slowest-switching device will have to withstand a
disproportionate share of the overall voltage. Mercury valves were once available with ratings to 100 kV in a
single unit, simplifying their application in HVDC systems.

The current rating of a semiconductor device is limited by the heat generated within the dies and the heat
developed in the resistance of the interconnecting leads. Semiconductor devices must be designed so that
current is evenly distributed within the device across its internal junctions (or channels); once a "hot spot"
develops, breakdown effects can rapidly destroy the device. Certain SCRs are available with current ratings to
3000 amperesin asingle unit.
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Current source inverters are used to produce an AC output current from a DC current supply. This type of
inverter is practical for three-phase applications in which high-quality voltage waveforms are required.

A relatively new class of inverters, called multilevel inverters, has gained widespread interest. The normal
operation of CSls and VSIs can be classified as two-level inverters, due to the fact that power switches
connect to either the positive or to the negative DC bus. If more than two voltage levels were available to the
inverter output terminals, the AC output could better approximate a sine wave. It is for this reason that
multilevel inverters, although more complex and costly, offer higher performance.&#91;18& #93;

Each inverter type differsin the DC links used, and in whether or not they require freewheeling diodes. Either
can be made to operate in square-wave or pulse-width modulation (PWM) mode, depending on its intended
usage. Square-wave mode offers simplicity, while PWM can be implemented in several different ways and
produces higher quality waveforms.&#91;17& #93;

The desired quality of the current output waveform determines which modulation technique needs to be
selected for a given application. The output of a VSI is composed of discrete values. In order to obtain a
smooth current waveform, the loads need to be inductive at the select harmonic frequencies. Without some
sort of inductive filtering between the source and load, a capacitive load will cause the load to receive a
choppy current waveform, with large and frequent current spikes.&#91;17& #93;

The single-phase voltage source half-bridge inverters are meant for lower voltage applications and are
commonly used in power supplies.&#91;17&#93; Figure 9 shows the circuit schematic of thisinverter.
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