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1 Context
In wireless communication systems, the radio-frequency (RF) power amplifier (PA) is
one of the most critical components in the design of wireless transmitters. In all wireless
applications, the design and manufacturing of the PA requires the engineer to address
several concurrent, and often conflicting, requirements on power efficiency, linearity, cost
per watt and size.

Recent trends in efficient and linear PA research have begun focusing more on the
use of two-branch amplifier systems and away from the classical single-ended amplifier
topology combined with the use of digital predistortion techniques. Among these dual-
branch systems, the most popular are the Doherty amplifier; the envelope elimination
and restoration (EER) technique and variations thereof; the linear amplification with
nonlinear components (LINC) technique; and the modified implementation of the LINC
concept (MILC) technique [1].
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It is possible to avoid envelope variations in a PA by decomposing a variable-envelope
signal into two constant-envelope waveforms. Called “outphasing” or “linear amplification
with nonlinear components” (LINC), the idea is that a band-pass signal can be expressed
as the sum of two phase-modulated components.
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Figure 12.60 Basic outphasing.

Figure 1: Figure from: [2]

The generation of two components constant-envelope waveforms from the initial signal
requires substantial complexity, primarily because their phase must be modulated, which
itself is a nonlinear function of the envelope of the signal.

Due to their high efficiency switch mode PAs, and class-E amplifiers in particular,
have been effectively applied as branch amplifiers for outphasing PAs [3]. Indeed, since
two outphasing signals have constant envelope, they can theoretically, be amplified with
a high level of linearity with switch mode amplifiers.

The generation of the RF switch mode signal starting from the baseband digital
representation requires a specialized analog and mixed signal block which is critical for
the performance of the whole system.

2 Subject positioning and objective
While some analog signal component separation implementations have been proposed, it
is the digital implementation that offers the flexibility required to exert a control over the
precision of calculations, as well as to implement correction algorithms to compensate for
any residual imbalance in the analog sections. The use of a lookup table technique, the bit
resolution of the computations, the memory resources required, the required computation
speed (largely determined by the modulation bandwidth), the choice of digital to analog

19 Place Marguerite Perey - 91120 Palaiseau - France • Tél. +33 (0)1 75 31 92 01 • Siret : 180 092 025 00022 • APE : 8542Z



converters, etc., are all issues that must be addressed when using a digital implementation
of the signal component separation block [1].

The aim of this internship is to design the signal component separation block and
some of its subsequent analog stages.

3 Work Plan (6 months)
The research work plan is the following:

• State of the art of signal component separation blocks and phase modulators (1.5
months)

• Matlab level simulation and electrical simulation of a complete ideal outphasing
modulator (2.5 month)

• Design of a phase modulator, report & publication (2 months)

4 Required skills & tools to be used
• Skills in programming (Matlab/Octave)

• Skills in analog and RF circuit design
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