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Modern sensing and communications
systems must operate over wide bandwidths and with high sensitivity in
order to capture and distinguish signals
in the complex environment created
by the proliferation of data transmitted throughout the atmosphere. In all
systems, the need for accurate data
collection is important. But, in sensing
operations particularly, the need for a
high dynamic range is driven by the
ratio of strong signals, which may be
extraneous to the desired operation, to
weaker signals, which may be coming
from small targets of interest. For example, to an air traffic controller seeking
radar information of current aircraft
movements, strong signals masking
vital ones could spell disaster.
MIT Lincoln Laboratory has
developed solutions to enhancing the
dynamic range of radar, signal intelligence, and electronic intelligence
systems, all of which must detect
small signals in the presence of strong
background and interference signals.
One technique, nonlinear equalization
(NLEQ), has already shown significant
advances in extending the dynamic
range of RF and mixed-signal electronic systems (Figure 1). Increases
in dynamic range between 5 to 20
decibels (dB) have been demonstrated
(Figure 2). Since industry has historically been making about 1 dB a year
in dynamic range improvement, Lincoln Laboratory’s work could be seen
as advancing the field five to twenty
years ahead.

of strong signals. For example, consider what happens in a radar receiver
when two in-band tones are injected
into the front-end of the receiver. If
the receiver is what is known as linear,
the two tones remain separated and
do not interact with each other. However, analog circuits and analog-todigital converters unavoidably exhibit
“nonlinear” behavior, i.e., additional
contributions to the tones, called intermodulation products or “intermods,”
are introduced. Although the energy in
the intermods is usually small, some
intermods will fall into the receiver
band where signals may be present. In
fact, as signal processing techniques
attempt to uncover smaller and smaller
signals, nonlinear intermods or other
distorting effects can actually mask the
signals of interest.
The challenge for analog designers is
to find a way to reduce nonlinear distortions in receivers. Traditionally, designers
attempt to use better analog components.

What Is Nonlinear Equalization?
A major limiter in detecting weak signals in the presence of strong signals
is the distortion created by spurious
interferences caused by the “mixing”

Figure 1. Computer-aided design (CAD)
drawing of Lincoln Laboratory’s nonlinear
equalization very-large-scale integrated circuit.
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Figure 2. Before nonlinear equalization filtering is applied, intermods obscure the signals of interest (left-hand
graph). After the data is processed through the nonlinear equalizer, the intermods are substantially suppressed,
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