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The Design of Class-F Power Amplifier by Using Asymmetrical
Composite Right-/Left-handed Transmission Line

P. Pech1, S. Kim1, D. Lee1, M. A. Chaudary2, and Y. Jeong1

1Division of Electronic and Information Engineering, Jeonbuk National University, South Korea
2College of Engineering and Information Technology, Ajman University, UAE

Abstract— Power amplifiers (PAs) are the essential circuit in a variety of microwave and
radar systems. It is well known that the PA is critical in the efficiency of the overall system.
Typically, the efficiency of PA is sacrificed because the PA should be operated under the backed-
off conditions to assure linear operation for any instantaneous input power level. For further
efficiency improvement, the harmonic controlling circuit was presented in PA design [1]. However,
the addition of the harmonic controlling circuit could increase the size and cost of PA. On the
other hand, the matching networks are very important in PA design. Recently, the synthesis of
complex termination impedance bandpass filter was presented in [2] which suitable to apply as
the matching networks of PA.

This paper presents the design of a class-F power amplifier in which the second- and third- har-
monics are controlled by asymmetrical composite right-/left-handed transmission line (CRLH-
TL). The class-F PA is designed at the fundamental frequency (f0) of 1.96 GHz with a 10 W
GaN HEMT transistor from Wolfspeed. The DC is feed from the inductor L1 of CRLH-TL-1.
The CRLH-TL-1 can be operated as the bias circuit with harmonic control that provides open-
impedance at f0 and short-impedances at 2f0 and 3f0 which known as the second and third har-
monic, respectively. The CRLH-TL-2 operates as the quarter-wavelength (λ/4) impedance trans-
former which transforms the short-impedances mentioned above to short- and open-impedances
at 2f0 and 3f0, respectively. In this work, the input matching network is realized by using the
stepped-impedance resonator (SIR) which can provide the frequency selectivity response and
high out-of-band signal suppression. The output matching network is realized by using the con-
ventional TLs. The proposed PA provides more than 13 dB, 42 dBm, and 70% of power gain,
output power, and drain efficiency, respectively. Since the electrical length, θ and θ2 of TL in
CRLH-TLs are much smaller than λ/4, therefore the circuit size of the proposed PA is expected
to be reduced.
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Figure 1: Structure of: (a) proposed class-F PA and (b) harmonic control circuits.
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