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A 41-GHz 19.4-dBm P, CMOS Doherty power amplifier for 5G NR

applications |

Li Zheng (Institute of Science Tokyo)

I am deeply honored to receive the 2024 ELEX Best Paper
Award for my research published in the IEICE Electronics
Express, titled “A 41-GHz 19.4-dBm Psat CMOS Doherty Power
Amplifier for 5G NR Applications.” It is my privilege to share
the motivation, significance, and key highlights of this work.

With the growing global demand for 5G networks, especially
in millimeter-wave (mm-wave) frequency bands, there is an
increasing need for highly efficient and compact power
amplifiers (PAs) to meet the stringent requirements of high-
speed wireless communication [1]. The transition to the FR2
n259 band (39.5 GHz—43.5 GHz) allows for wider bandwidth
but also introduces significant challenges, such as increased free-
space path loss and higher peak-to-average power ratios
(PAPRs) [2]. These factors demand innovative PA designs that
can operate efficiently in back-off regions while maintaining
sufficient output power and linearity.

In this work, we developed a 41-GHz Doherty Power Amplifier
(PA) in standard 65-nm CMOS technology specifically tailored
for SG New Radio (NR) applications. The proposed PA adopts a
transformer-based parallel-combined Doherty architecture, which
improves power-added efficiency (PAE) while maintaining a
compact design. A key innovation in our design is the inclusion of
a tunable 90-degree hybrid coupler for output phase compensation,
ensuring optimal load modulation and phase matching between
the main and auxiliary paths. This solution overcomes the
limitations of traditional bulky A/4 transmission lines typically
used in Doherty PAs.

Our PA achieved remarkable results: a saturated output power
(Psat) of 19.4 dBm, an OP1dB of 18.6 dBm, and a peak PAE of
30.4% at 41.5 GHz. Even at a 6-dB output power back-off (PBO),
the PA maintained a PAE of 19.2%, highlighting its exceptional
efficiency in handling high-PAPR 5G modulated signals. The
design supports both single-carrier mode (SC-mode) and OFDMA
mode with 400-MHz bandwidth under 256-QAM modulation,
achieving excellent error vector magnitude (EVM) performance.

Another significant achievement is the compactness of the

design. The PA core occupies only 0.22 mm?, making it highly
suitable for integration into large-scale phased-array systems for
5G base stations. This compact design is enabled by the
transformer-based impedance matching network, which also
optimizes power gain and reduces losses.

While the results are promising, challenges remain. Improving
the linearity and efficiency at deeper back-off points is critical
for future applications, particularly in large-scale arrays where
thermal management and power consumption become significant
concerns. Additionally, addressing parasitic effects and ensuring
design robustness across process variations are vital for mass
production.

This work represents an important step forward in advancing
mm-wave PAs for 5G, demonstrating the feasibility of achieving
high efficiency, compactness, and robust performance under a
1-V supply voltage. Future research will focus on extending
these techniques to other mm-wave bands and further enhancing
the Doherty PA architecture to support wider bandwidths and
higher data rates for next-generation communication systems.
References:
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Managed Barrier Diode on SiC Platform |
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