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A Multimode Multiband Envelope-Tracking
Transmitter Achieving 95.3% Efficiency for
Next-Generation 6G Applications
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Abstract

As wireless communication systems have evolved from early single-carrier
standards to the advanced multi-carrier architecture of 5G NR, the
peak-to-average power ratio (PAPR) of transmitted signals has continued
to increase, causing severe efficiency degradation in power amplifiers
(PAs) under power back-off operation. Conventional fixed-voltage supply
schemes cannot adjust the supply voltage according to envelope variations,
resulting in excessive energy dissipation in the form of heat and limiting
their applicability in modern and future communication systems. Therefore,
dynamic power supply modulation has become an important technique
for improving PA efficiency. Among these techniques, envelope tracking
(ET) dynamically adjusts the PA supply voltage according to signal power

variations, thereby reducing the efficiency loss caused by high-PAPR signals.

However, different ET approaches, such as average power tracking (APT),
analog envelope tracking (AET), digital envelope tracking (DET), and symbol
power tracking (SPT), involve trade-offs among efficiency, bandwidth,
linearity, and circuit complexity. In addition, the operating requirements
of multi-mode multi-band PAs and voltage ringing caused by PCB parasitic
inductance further increase the design challenges of high-efficiency and
scalable ET systems. This work adopts a three-chip architecture composed
of CMOS, GaN, and GaAs technologies to balance cost, efficiency, high-fre-
quency capability, and multi-band compatibility. The CMOS chip implements
a pseudo single-inductor multi-output converter, a micro boost converter,
a charge pump, and a leakage regulator, providing highly efficient and
fast-switching power modulation. The GaN chip integrates a high-frequency
PA and a fully depletion-mode three-stage class-AB amplifier, leveraging
the advantages of GaN in high-frequency operation, high power density,
and high efficiency to support 5G FR2 and future 6G applications. The GaAs
module supports low-frequency multi-mode multi-band PAs, enabling
system coverage from 2G to 5G FR1 applications.

To address the requirements of different communication standards and
bandwidths, the proposed system supports three operation modes: APT,
AET, and SPT. APT is suitable for low-bandwidth 2G scenarios, while AET is
adopted for 3G, 4G, and 5G FR1 applications, achieving a balance between
efficiency and linearity through hybrid power modulation. SPT targets
high-bandwidth 5G FR2 and 6G applications by adjusting the supply voltage
at the symbol level, improving efficiency while relaxing the bandwidth
requirement of analog envelope tracking. In addition, this work employs the
GaN three-stage class-AB amplifier as an active buffer to effectively suppress
VPA voltage ringing caused by the high-Q resonant network formed by PCB
parasitic inductance and PA decoupling capacitance, avoiding the area and
complexity overhead introduced by additional LC filters.

Experimental results show that the proposed architecture achieves a peak
supply modulation efficiency of 95.3% in SPT mode, while offering wide
bandwidth, fast switching, and high robustness. These features ensure
seamless performance under continuously evolving communication
standards and demonstrate the practical feasibility of the proposed system
for next-generation 6G wireless applications.
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Fig. 2 Operation of the proposed ETSM in APT, AET, and SPT modes.
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