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Time-Interleaved
Andlogue-to-
Digital Converters:
Breaking Speed
Barriers in Digital
Signal Processing

In our increasingly digital world, the

ability to convert analogue signals into

digital data quickly and accurately is crucial
for everything from mobile phones to medicall
devices. Dr David Nairn from the University of
Watterloo, Ontario, has been at the forefront

of developing and improving time-interleaved

analogue-to-digital converter technology

to enable faster and more efficient digital

signal processing. His work is helping to
overcome key challenges in high-speed
digital systems, paving the way for more

advanced electronic devices.
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The Digital Conversion Challenge

Modern electronic devices face a constant challenge: converting
real-world analogue signals into digital data quickly enough to
be useful. Think of it as trying to count raindrops in a storm - the
faster they fall, the harder it becomes to count them accurately.
This is particularly crucial in applications like high-bandwidth
oscilloscopes and optical communication systems, where signals
need to be processed at incredibly high speeds.

Traditional analogue-to-digital converters (ADCs) have limitations
in how quickly they can sample these signails. It's similar to having a
single person trying to count those raindrops — there is only so fast
they can go. As our digital world demands ever-faster processing
speeds, these limitations become increasingly problematic.
Medical imaging equipment needs to capture detailed scans in
fractions of a second. Telecommunications systems must process
vast amounts of data almost instantaneously. Even modern
televisions require incredibly fast signal processing to deliver
crystal-clear 4K and 8K images.

A Revolutionary Approach

Dr David Nairn and his colleagues have been studying and
advancing time-interleaved analogue-to-digital converter
technology. The concept is simple: instead of using a single
converter operating at full speed, multiple slower converters work
together, each taking turns to sample the input signal. It is similar to
arelay race, where each runner handles their portion of the total
distance.

However, Dr Nairn explains that this approach is not without

its challenges. The main issue lies in ensuring all the converters
work together perfectly. If this is not achieved, the overalll
performance suffers — just as it would in a relay race if runners
were passing the baton at slightly different times or running at
slightly different speeds.

These timing mismatches can create distortions in the digital
signal, potentially compromising the quality of the final output.

Overcoming Key Challenges

Through extensive research, Dr Nairn and his team studied three
main types of mismatches that can occur between the different
converters. The first is offset mismatches, where each converter
reads signals slightly differently — imagine multiple thermometers
showing slightly different temperatures in the same room. The
second is gain mismatches, where some converters amplify
signals more than others, like having different volume settings

on multiple speakers. The third and most challenging is timing
mismatches, where converters sample at slightly wrong moments,
similar to musicians playing slightly out of time in an orchestra.

To address these issues, Dr Nairn and his team developed several
innovative solutions. For offset mismatches, they created a system
that randomly shuffles which converter is used, spreading any
errors across the frequency spectrum and making them less
noticeable. For gain mismatches, they developed digital correction
techniques that can automatically detect and compensate for
differences between converters, much like an auto-tune system for
singers.

The timing mismatch problem required particularly creative
solutions. The team developed sophisticated algorithms that
can detect timing errors as small as one trillionth of a second
and correct them in real time. This level of precision is crucial for
maintaining signal quality at extremely high speeds.



Breaking Speed Records

The impact of this work has been remarkable. Dr Nairn's research
has contributed to the development of ADCs that can operate
at speeds of up to 24 billion samples per second — fast enough
to capture even the most rapidly changing signals in modern
communication systems. This is like being able to take 24 billion
shapshots of a changing voltage every second.

These achievements have not come easily. The team had to
overcome numerous technical challenges, particularly in managing
the precise timing of multiple converters working together. They
developed sophisticated digital processing techniques that can
detect tiny timing errors and correct them in real time, ensuring
accurate signal conversion even at these extremely high speeds.

Assessing the Wider Impact of Time-Interleaved
ADCs

The implications of this work extend far beyond the laboratory.
Time-interleaved ADCs are now finding applications in a wide
range of fields, from high-speed medical imaging systems to next-
generation wireless coommunications.

In optical communication systems, these advanced ADCs are
enabling the development of faster and more reliable fibre-
optic networks. In test and measurement equipment, they're
allowing engineers to observe and analyse electrical signals with
unprecedented precision.

Dr Nairn’s work has also led to significant power efficiency
improvements. By using multiple slower converters instead of

a single high-speed one, these systems can achieve the same
performance while consuming less power — a crucial advantage in
today’s energy-conscious world.
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Transforming the Future of Digital Signal
Processing

Looking to the future, Dr Nairn and his team are focused on several
key areas of development. They are working on new techniques

to handle bandwidth mismatches between converters, which
become increasingly important at higher frequencies. They are
also exploring the potential of machine learning to improve
converter performance, using artificial intelligence to predict and
correct errors before they occur.

The team is particularly excited about the potential applications

in emerging technologies. As autonomous vehicles become more
common, their advanced sensors will require ever-faster and more
accurate sighal processing. The rollout of 6G networks will demand
even higher sampling rates. Virtual and augmented reality systems
will need to process vast amounts of data with minimal delay.

With the continuing growth of high-speed digital applications, from
5G networks to autonomous vehicles, the demand for faster and
more accurate analogue-to-digital conversion continues to grow.
The groundbreaking work of Dr Nairn and his colleagues is helping
to meet this challenge, pushing the boundaries of what is possible
in digital signal processing.

The concept is simple: instead of
using a single converter operating
at full speed, multiple slower
converters work together, each
taking turns to sample the input
signal. It is similar to a relay race,
where each runner handles their
portion of the total distance.
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