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Multiband RF Power Amplifiers
for 5G and Beyond

5G IS coming and wireless communication not only
has changed our life but also is becoming one of the

core infrastructure supports for multiple vertical industries.
Different industrial applications require different standards
with different data-rate demands, accompanied by a burst of
new standards and frequency bands. It is the basic requirement
that a 5G mobile terminal must support 4G/3G even 2G,
which means that 5G/4G/3G/2G coexist in a mobile device for
supporting all existed mobile standards and frequency bands.
The trend is that mobile and wireless are merging, resulting
in a single device to support both various mobile/wireless
standards and frequency bands. Table I summarizes various
frequency bands of the existing mobile and wireless standards.

To support multiple frequency ranges and different stan-
dards, multiband and multimode operations are highly desir-
able, particularly for the RF power amplifiers (PAs) of any
transceivers. A PA not only consumes a large portion of power
but also introduces distortion that can limit data transmission
capacity. To enable multiband operations, PA faces significant
challenges. It requires to provide high back-off efficiency
to accommodate high peak-to-average power ratio (PAPR)
signals and, in the meantime, must maintain high linearity
performance at all operation bands to support high data
transmission rates.

Recently, many efforts have been made to design PAs of
covering multibands and multistandards. Technically, it is very
hard to design ultrawideband matching circuits for wideband
PAs, higher power consumption and the poor linearity limit the
realizations of wideband PAs. Multiband PAs are feasible by
adopting new matching network topologies, tunable elements,
reconfigurable circuits, and various design methodologies. It is
difficult to simultaneously cover multiple frequency ranges
and maintain wide modulation bandwidths in PA designs,
especially in Doherty PAs (DPAs) where a complex load mod-
ulation process needs to be considered. The reported multiband
DPAs in the literature can only support a limited number of
bands, and they often suffer from narrowband performance in
each operation band, which affects their applications in 5G
and beyond.

The article published in this issue by Pang et al. [item 1)
in the Appendix] introduces a six-band DPA that covers at
least 150-MHz modulation bandwidth for all the operation
bands with improved back-off efficiency. Different from the
conventional multiband designs where the multiband matching
network is usually considered, in [item 1) in the Appendix],
a broadband matching network with phase periodicity is used
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to design the impedance inverters, off-set elements, and phase
compensators in the DPA. The multiband Doherty operation is
achieved due to the phase periodicity and it is illustrated that
by transferring the functional elements in a wideband DPA to
the phase periodic matching networks, a dual-mode DPA with
wide bandwidth in each mode can be realized. To increase the
number of operation bands, a reciprocal gate bias technique
is introduced to enable the DPA to be operated in dual mode,
where at one mode, the PA covers two bands, while at the
other mode, the PA covers four bands, without changing the
matching network circuits. Compared with other multiband
designs, the approach reported in [item 1) in the Appendix]
provides a relatively simple design that enables the DPA to
achieve multiple operation bands distributed over multioctaves,
which is usually difficult to achieve in Doherty design.

Since early publish in IEEE Xplore, the article has drawn
much attention and got the highest numbers of “Full Text
Views” in IEEE Xplore among all the articles presented in
this issue. The article [item 1) in the Appendix] demonstrates
that the fabricated GaN DPA can be simultaneously operated
at two bands (1.8–2.2 and 3.9–4.3 GHz) in Mode I, and four
bands (1.52–1.72, 2.38–2.53, 3.67–3.82, and 4.53–4.68 GHz)
in Mode II. It achieves 8.7–13.5-dB gain and 39.6–41.5-dBm
peak output power at all the designed bands. The drain
efficiency at 6-dB back-off is 49.2%–54.5% and 42.2%–56.7%
in Modes I and II, respectively. When excited by a five-carrier
100-MHz OFDM signal with a 7.7-dB PAPR, the adjacent
channel power ratio (ACPR) is better than −48.9 dBc after
digital predistortion, with 35.5%–50.1% average drain effi-
ciency at 1.65/1.95/2.45/3.75/4.1/4.6 GHz, respectively. The
overall performance of the PA is impressive.
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