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Tools for designing and testing 
5G base stations
Millimeterwave frequencies and wideband 

signals require new approaches to designing 

5G base stations. The R&S®SMW200A vector 

signal generator provides the necessary support.

Wireless



Measurement based development of 
Doherty amplifiers
Doherty amplifiers, especially those with two independently driven inputs, promise significantly better 

energy efficiency in 5G base station transmitters and similar applications. A new software option for the 

R&S®SMW200A vector signal generator helps designers realize the full potential of their amplifier designs.

Power amplifiers in base stations constitute 30 % to 60 % of 
the cost and 20 % to 60 % of the energy consumption of the 
transmitter infrastructure, making their optimal design a key 
focus for RF power semiconductor and infrastructure vendors 
alike (base stations, radio relay transmitters).

The most effective ways to reduce amplifier power dissipa-
tion have been known for a long time, but only in the last 
few years has it been possible to implement them in practice. 
That’s because energy-efficient operation comes at the cost 
of nonlinearities that have to be compensated by upstream 
or downstream measures – non-trivial measures such as dig-
ital predistortion that are only possible with advanced circuit 
technology.

On the infrastructure side, conventional Doherty power ampli-
fier designs have established themselves in the market, 
whereas envelope tracking dominates on the device side. In 
envelope tracking, the supply voltage of the power transistors 
is dynamically adapted to the signal envelope. The Doherty 
method splits the input signal into two parallel amplifier paths. 
The main amplifier handles the base load and is permanently 
operated at energy-efficient full modulation. If the input sig-
nal rises above a certain level, the second amplifier switches 
on and handles only the load peaks. This task sharing is par-
ticularly promising for digital signals with their high crest fac-
tor. Many years of R&D effort were necessary to make this 
theoretically attractive concept possible in practice. It will take 
even more years to migrate it to high millimeterwave frequen-
cies and wideband applications such as 5G and SatCom.

Every implementation of a Doherty amplifier is always an 
approximation since perfect Doherty operation is a theoret-
ical concept that cannot be achieved in practice. Neverthe-
less, even with rough approximations, performance is usu-
ally better than the baseline class AB amplifier at low oper-
ating frequencies and small bandwidths. However, the tech-
nique becomes less tolerant to rough approximations and 
hence less efficient as operating frequency, bandwidth and 
output power increase. New and repeatable design pro-
cesses are required to harness the full potential of the tech-
nique. The R&S®SMW200A vector signal generator together 

with the R&S®FSW signal and spectrum analyzer can provide 
very effective support.

Doherty designers have to design two halves, the input side 
and the output side. The input side is where the performance 
differentiation and cost battle is won and lost. The output side 
with the combiner determines the maximum potential.

The signal to be amplified must be split in order to drive the 
two amplifier paths. There are different approaches to imple-
menting this split. Classic implementations perform this split 
in the analog domain. Dual-input solutions perform the split 
in the digital domain (Fig. 3). Studies published in the peer 
review literature suggest that dual-input split implementa-
tions could realize as much as 60 % more RF output power 
and 20 % more energy efficiency over a 50 % wider band-
width than a classic Doherty implementation. The chal-
lenges remain the same regardless of whether the ampli-
fier is being developed for 5G and SatCom transmitters or 
for other applications that require demanding high perfor-
mance and reproducibility. Designers want to ensure that 
they get the maximum possible performance from the design 
under the intended operating conditions as efficiently as pos-
sible. Unfortunately, these are mutually contradictory goals, 
and one can only be achieved at the expense of the other. It 
is necessary to find an operating point and a parameter set 
that minimize these costs. In order to do this, the sensitiv-
ity of the design to frequency, phase and level variations in 
the amplifiers paths must be known. The current develop-
ment process, which heavily relies on reference designs and 
manual fine-tuning of prototypes, makes it difficult to explore 
beyond a few local optima. Due to a lack of insight into the 
sensitivities of the chosen design, the designer typically spec-
ifies conservative metrics to accommodate part-to-part vari-
ations in a production environment. The result is usually sub-
optimal because the true potential of the design was not fully 
explored and specified.

 |  NEWS 220/18 15



Parameter spaces of a Doherty amplifier path

16

Doherty amplifier development with the 
R&S®SMW200A and R&S®FSW
Only by stimulating the two amplifier inputs with a range 
of different signals is it possible to identify and understand 
the performance trade-offs and sensitivities (Fig. 1). Dual-
input Doherty amplifier designs benefit especially from this 
approach. Even classic designs such as fixed RF input split-
ter, programmable RF input splitter and dispersive input split-
ter benefit from such measurements.

A key requirement for this innovative measurement based 
development process is a vector signal source that is able 
to produce two precisely aligned signals. The dual-path 
R&S®SMW200A vector signal generator is the perfect fit. It 

is able to generate two signals whose relative phase, timing, 
amplitude and absolute input power can be finely and repro-
ducibly adjusted. This precise alignment of the two signals 
remains stable over a long period without the need for elab-
orate calibration procedures since the two paths share the 
same internal clock. The R&S®SMW200A is able to generate 
two RF signals of the highest quality, each with a frequency 
up to 20 GHz, bandwidth up to 2 GHz and up to +18 dBm 
RF output power. A solution for up to 40 GHz using an addi-
tional R&S®SGS100A/R&S®SGU100A RF extension unit is 
also available.

The R&S®SMW-K546 digital Doherty software option makes it 
easy to fully explore the performance potential of all Doherty 

Fig. 1: The entire Doherty amplifier path parameter space with the dimensions of frequency, amplitude difference and phase difference can be filled with 

measurement data within a few minutes using the presented measurement solution. The dashed red line shows a possible suboptimal operating point 

that might be chosen with the conventional method due to a lack of information. The measurement suggests, for example, operating parameters accord-

ing to the blue dotted line (visualization with MATLAB®).
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Measurement platform for all Doherty methods
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amplifier designs (Figs. 2 and 3). Shaping functions, level and 
phase adjustments as well as digital predistortion can be eas-
ily configured in just seconds and applied in real time using 
the intuitive GUI. Time-consuming waveform  recomputation 
after each change of parameter settings is not required due 
to the real-time functionality. This allows the designer to 
explore the impact of various parameters on the performance 
of their Doherty designs in real time and quickly find the 
input split settings and shaping functions that yield the best 
 performance. The R&S®FSW signal and spectrum analyzer 
equipped with the R&S®FSW-K18 amplifier measurements 
software option provides the corresponding measurements, 
capturing not only scalar quantities such as spectral regrowth 
and EVM, but also vectors such as AM-AM and AM-PM.
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Fig. 3: The R&S®SMW200A vector 

signal generator produces the path 

signals for all possible Doherty 

amplifier designs, and together 

with the R&S®FSW signal and 

spectrum analyzer all the data nec-

essary for design optimization.

Fig. 2: The R&S®SMW-K546 digital Doherty software option provides an 

easy-to-use interface to fully explore the performance potential of Doherty 

amplifier designs. Relative phase offsets, level offsets, shaping functions 

and digital predistortion can all be configured and applied in real time to 

the input signals.
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