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Abstract:

Objective The Ka band has become the main direction of satellite communication, which requires the core
component of its transmission system, the millimeter-wave power amplifier, to be more compact in size.
Meanwhile, to maximize spectral efficiency, millimeter-wave satellite communication signals will have a high
peak-to-average power ratio (PAPR). Therefore, it is crucial to design a millimeter-wave power amplifier with
high saturation efficiency, high back-off efficiency, and compact size. Doherty power amplifiers (DPAs) are
renowned for their high efficiency and excellent linearity in power back-off states and have become a key
solution to these problems. However, Doherty power amplifiers face the issue of a relatively narrow operating
frequency band. Moreover, when the operating frequency extends to the millimeter-wave band, their efficiency
also drops significantly. Thus, overcoming the narrowband and low efficiency problems of millimeter-wave
Doherty power amplifiers is a critical challenge that needs to be addressed urgently in the satellite
communication transmission chain.

Methods This paper presents an ultra-wideband enhanced active load modulation technique that effectively
addresses the fundamental trade-off between bandwidth and back-off efficiency in Doherty power amplifiers.
The proposed technique enables optimal impedance transformation for both carrier and peak amplifiers across
an ultra-wide frequency band, while introducing an adjustable fundamental impedance bias matching network
(ITBN) and a dual-drive impedance regulation mechanism. This improvement enhances load modulation
performance while extending the bandwidth of load modulation behavior, achieving simultaneous efficiency
enhancement and bandwidth expansion in the millimeter-wave Doherty architecture. Furthermore, a broadband
phase compensation technique is integrated with an unequal power division network. This integration facilitates
sufficient load modulation over ultra-wide bandwidth while maintaining precise phase difference compensation
between carrier and peak paths. The proposed ultra-wideband phase-compensated power division network
extends the high-efficiency bandwidth while reducing the overall chip area.

Results and Discussions A millimeter-wave ultra-wideband high-efficiency Doherty power amplifier chip was
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designed and fabricated based on a 0.15-um GaN process to validate the proposed technology. Within the ultra-
wide frequency band of 24-33 GHz, the fabricated chip achieves a small-signal gain of 21.8-23.8 dB with
excellent gain flatness (+1 dB). It delivers a saturated output power of 28.9-31.0 dBm, corresponding to a
saturated power-added efficiency (PAE) of 25.2%-33.5%, and a 6 dB output power back-off PAE of 15.5%-
19.8%. Compared with state-of-the-art similar frequency-band GaN Doherty power amplifiers, the proposed
design exhibits a maximum fractional bandwidth of 31.6%, highest small-signal gain and saturated PAE, high
saturated output power and 6-dB back-off PAE. Furthermore, it features the smallest chip area among reported
three-stage DPA chips.

Conclusions This paper presents an ultra-wideband enhanced active load modulation method, which achieves
multi-frequency impedance tuning and thus realizes sufficient active load modulation throughout the entire
working frequency band. At the same time, a novel ultra-wideband phase compensation unequal power
distribution network is proposed, significantly reducing the chip area. To verify the proposed method, a
millimeter-wave ultra-wideband high-efficiency Doherty power amplifier chip was fabricated using a 0.15-pm
GaN process. Measurement results show that in the wideband range of 24 to 33 GHz, the small-signal gain is
21.8 to 23.8 dB, and the saturated output power is 28.9 to 31.0 dBm. The corresponding saturated PAE is
25.2% to 33.5%, and the 6 dB back-off PAE is 15.5% to 19.8%. Compared with the reported GaN Doherty
power amplifiers in similar frequency bands, this paper achieves a maximum relative bandwidth of 31.6%,
demonstrating excellent performance, including high small-signal gain, excellent saturated PAE, excellent
saturated output power, and 6 dB back-off PAE. Moreover, it has the smallest chip area among the reported
2-3-stage DPA MMICs. These measurement results validate the effectiveness of the proposed technology and
demonstrate the strong application potential of this chip in millimeter-wave satellite communication
transmission systems.

Key words: Satellite Communications; Millimeter Wave; Doherty Power Amplifier; Ultra-Wideband; High
Efficiency
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