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Analogue-to-Digital Conversion with the Lightest Touch Ever

Introduction

Our work is centered on the faithful reproduction

of an analogue performance using modern digital
techniques. It is informed by substantial evidence that
a more precise capture of micro-temporal elements

in sound is significant for the human listener. [1, 3]
Core to our approach is a concentration on the actual
spectrum of natural sounds and music - signals
humans have evolved listening to.

While there appears to be universal agreement that
audio represented in the digital domain establishes
the basis for repeatable, lossless distribution, the
industry had seemingly long accepted the status quo
for capture (analogue-to-digital) and playback (digital-
to-analogue). In fact, there had been little fundamental
improvement since the 80's.

Therefore, the most critical steps remain at the
analogue-to-digital and digital-to-analogue gateways,
and in the compromises and permanent limitations
made at these points. [1]

The FOQUS by MQA Labs analogue-to-digital
converter (ADC) design is a breakthrough, delivering a
new level of clarity and micro-dynamics in the sound.

As previously published in [6], QRONO by MQA Labs,

and its design of digital-to-analogue converter filters,
represents a step change in performance by avoiding
unnatural pre-ringing and post-ringing that can blur

events discernible by our hearing.

Background

Typical ADC

For roughly 40 years, audio ADCs have used
Delta-Sigma architecture to keep distortion low.

The high-oversampled, low-bit modulator typical

of common audio ADCs requires a downsampler to
provide audio at sampling rates ranging from 44.1 kHz
to 768 kHz. Traditionally, a multistage downsampler
requantises at each stage, introducing challenges with
achieving audio transparency.

Figure 1 shows the
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Figure 1: Typical ADC design quantisation at these
steps commonly leads

to modulation noise.



FOQUS ADC

We employ a decimation method in which the
word-width grows more slowly at each step, so there
is only one, fully dithered quantisation if necessary to
produce a final audio output. The noise, modulation
and distortion errors are therefore restricted to the
modulator (where A/D conversion actually takes place)
giving the possibility of ‘integer conversion’ Our
‘integer decimation chain’is perfectly linear and adds
no noise.

When compared to the 3-4 quantisations in most
common designs, FOQUS offers a huge uplift in
transparency by avoidance of quantisation time blur.

All processing is minimum-phase and based on
B-spline kernels. B-spline kernels match the natural
‘triangular’ space of music natural sounds and align
with the principles introduced in [1] which optimise for
a specific compact impulse response, no pre-responses
and minimal (zero) modulation noise. [2]

The design is more fully described in [3].

Figure 2 shows the measured impulse response of a
FOQUS enabled ADC chip with 48kHz output. There

is zero pre-ring. Typically, the 48kHz output of an ADC
has the most ringing of any output option as it requires
the most decimation from the modulator output. The
FOQUS output delivers substantially less ringing than a
traditional design outputting a higher sample rate.
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Figure 2: Measured response of FOQUS-enabled ADC chip with
48kHz output

Figure 3 shows the measured impulse response of a
FOQUS enabled ADC chip with 192kHz output. There is
zero pre-ring or post-ring with no undershoot. This is
comparable to the transparency of an analogue signal
traveling through a couple of meters of air.
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Figure 3: Measured response of the FOQUS-enabled ADC chip with
192kHz output

FOQUS provides a measure and listen option at each
output rate. These measurements were made in listen
mode which optimises the impulse response.

Where to Find FOQUS by MQA Labs

FOQUS comes to market in partnership with
semiconductor companies who specialise in audio
chips.

A FOQUS ADC chip can be employed in any device
where an analogue source is supported. Expect to see
FOQUS in leading professional studio gear, prosumer
devices, and high-end playback equipment. FOQUS
currently offers output sample rates from 768kHz to
44.1kHz.
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