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Multi-Band and Multi-Mode BiCMOS Power

Amplifier with High Performance Envelope
Tracking Circuit
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"N\ bstract

A power amplifier (PA) supporting wideband code division
multiple access, long-term evolution (LTE), and wireless local area
network applications has been implemented in 0.18-um SiGe
BiCMOS technology. The PA integrates a tunable input matching
network, a broadband output matching network, and adaptive
bias circuits in a single chip to achieve high linearity and high
power in different modulation schemes and operating bands. The
three-stage PA adopts a differential-type configuration without
using through-silicon-via technology to deliver 41.3-42 dB of
gain and 28.2-28.6 dBm of 1-dB compression output power with
a 20.8-27.6% power-added efficiency (PAE) at 1.85-2.5 GHz. To
further validate the usefulness of the proposed PA, the envelope-
tracking PA is designed to improve the PAE by 6.5% within the
linearity specification of a 24.7-dBm average output power
and a 33-dBc adjacent channel leakage ratio for 2.35-GHz 16
quadrature-amplitude-modulation time-division LTE signal with
20-MHz bandwidth.

With the growing demand of complex mobile devices that can
function in multi-standard wireless communication systems for
various user roaming needs, multi-mode and multi-band power
amplifiers (MMPAs) have become a critical component for future
handset development because of their frequency flexibility,
easy implementation, and small size. The MMPA adaptability
enables the performance and cost constraint challenges on
the reconfigurable RF front-end by reducing the number of the
dedicated single-band power amplifiers (PAs) for each additional
frequency band .

The novel SiGe BiCMOS three-stage differential-type PA proposed
in this study combines a power-combining transformer, a tunable
input balun, and adaptive bias circuits (ABCs) in an on-chip
configuration. Switched capacitors are adopted to reconfigure
the input balun to match widely varying standards, including
wideband code division multiple access (WCDMA), time-division
long-term evolution (TD-LTE), and wireless local area networks
(WLANSs). The switched capacitor is operated in the low-input
power region. Therefore, loss and nonlinearity effects can be
avoided due to low RF voltage swing compared to the tuning
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elements at the PA output port. Furthermore, an envelope-
tracking (ET) circuit is realized as a voltage supply modulator to
enhance the power-added efficiency (PAE) of the MMPA, which is
the first-reported envelope-tracking power amplifier (ETPA) using
an ET circuit to dynamically change the collector voltage of the
standalone MMPA for TD-LTE application.

Fig.2 / PCB layout of designed ETPA

Fig.3 / Measurement setup of test bench for MMETPA.
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