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Short Abstract

In this paper, a new approach for improving the linearity characteristics of GaN power amplifiers is presented. The method is based on the injection of
the second harmonic signal to the input of the power amplifier through a forward path. The effect of the second harmonic injection on the linearity
characteristics of the power amplifier is studied using two-tone theory and simulations. An active three-port linearizing circuit with the ability to generate
a second harmonic signal with adjustable amplitude and phase has been proposed to implement this method. Further, the paper method has been
evaluated for improving the linearity of two 10-watt power amplifiers with different nonlinear characteristics. As a concept, the proposed circuit is also
fabricated and used for linearizing the GaN power amplifier. It has been shown that by injecting the second harmonic signal and properly adjusting its
amplitude and phase, in addition to improving the linearity characteristics, including third-order intermodulation (IMD3), adjacent channel power ratio
(ACPR), and AM-PM characteristic, the 1-dB compression point is also increased.
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1-  Short Introduction

One of the challenges in designing GaN power amplifiers is their severe nonlinear behavior called soft saturation. In this paper, a method based on the
forward second harmonic injection is presented to linearize the GaN amplifiers. Important features of this method are the ability to linearize the
amplitude and phase characteristics, extending the 1-dB compression point (OP1dB), unconditionally stability, simple and low cost. For this purpose,
the theory and simulation of the second harmonic injection effects on the linearity characteristics of two samples of the ten-watt power amplifier are
investigated. The proposed circuit, with an adjustable matching circuit, is designed, fabricated, and applied to a 10 watt class AB amplifier for
linearization. Finally, linearity characteristics improvement, including OP1dB, IMD3, AM-PM conversion, Gain, and ACPR, are examined using the
simulation and measurement results.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

It is shown that the proposed method can improve the IMD3, OP1dB, and AM-PM characteristics of the GaN power amplifier with any saturation
characteristic. Based on measurement results, the OP1dB is improved by 6 dB. Furthermore, in the two-ton measurements at 1.5 GHz with a frequency
interval of 10 MHz, at OBOs of 3 dB, 5 dB, and 7 dB, IMD3 improves by 13 dB, 40 dB 17 dB, respectively. Finally, in measurements with 8-MSPS
64-QAM modulated signal, ACPR at the OP1dB was improved by 12 dB.

3-  Conclusion

Using two-tone theory and simulation, it was shown that the second harmonic injection into the input of the power amplifier improves the IMD3 of a
power amplifier. Furthermore, using the fabricated three-port circuit with the ability to generate a second harmonic signal and perform various
simulations and measurements, it was shown that with this technique, a variety of linearity characteristics including IMD3, ACPR and AM-PM could
be improved. It has also been shown that the soft saturation of the GaN power amplifier can be reduced.
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