Compound Semiconductor Device&Circuit Dept. IME-CAS

Class E Power Amplifier
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As can be seen in (1.17): the power dissipated in the device is proportional to the

switching-on resistance R, and the wider the device is, the smaller R . Therefore, it is not

on !

surprising that the efficiency is improved when a wider devices is employed. As the NMOS width
increases, several practical issues arise. First, designing the driving stage becomes more and more
difficult because of the increase of the gate capacitance. Second, the optimum drain inductance
becomes very small, resulting in difficulties in practical implementation. Therefore, trade-offs
have to be made in choosing the optimum NMOS width.

More about Class E Power Amplifier:

1. Simulation and verification tests on actual amplifiers seem to support the view that Class E
does truly represent an alternative to conventional reduced conduction angle operation, giving
higher efficiency without the circuit complexity of more advanced Class F designs. Class F
can achieve very high efficiency, but show substantial reduced power output under optimum
efficiency operation. Class E has its own disadvantage in terms of peak voltage levels, and the
RF PUF has to be traded against this limitation. But the final judgment may be that Class E
appears to be easier to realize in practice using solid state transistors than a short conduction
angle Class C design.

2. The Class E mode may just represent a possibility for achieving high enough efficiencies
from solid state devices that envelope restoration and outphasing may become mainstream
techniques once again.

3. The main action of a Class E amplifier takes place within, and is indeed critically dependent
on, the knee region of the I-V characteristic; the true-on is largely implemented by the
turn-off is more conventionally implemented by using the transconductive pinchoff. This is a
subtle point which partially explains the widespread belief that Class E cannot be made to
work at GHz frequencies due to the slow and symmetrical transconductive switching
characteristics of RF power transistors.

4. Class E: Theoretical efficiencies of around 90% can be achieved, albeit with an RF output
power as much as 3dB lower than that obtainable from the same device in a conventional
Class AB configuration. Class E amplifiers are highly nonlinear, but offer possibilities for
envelope restoration techniques. On the downside, peak voltages can be as high as three times
the DC supply if the power shortfall is to be kept within reasonable limits. There is also the
issue of power gain. If a typical Class E amplifier is running at 3-5dB lower power gain, due
to the overdrive requirement on the input, than a comparable linear amplifier, the upper
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frequency limit will be lower for a given technology. Generally speaking, 12-13dB of linear
gain would be required from a given device in order to stand a chance of useful Class E
operation; however, the same can be said of conventional high efficiency modes with shorter
conduction angles.

The really critical advantage of the Class E amplifier is efficiency, and with the possibility of
reaching into the 90% range, the advantages of low heat generation offer some novel concepts
in packaging, modulation, and power combining.
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