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Vision & Aim

SPADnet aims to develop a new generation of smart, large area
networked image sensors, based on a conventional CMOS
fabrication technology (the same as used for microchips or sensors in
cellphone cameras, for example), for photon-starved biomedical
applications*. SPADnet will build ring-assembly modules for Positron
Emission Tomography (PET) medical imaging, and carry out
performance tests in a PET system evaluation testbed.
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Conceptual design of a possible SPADnet full pre-clinical PET
implementation.

While suited to applications offering repetitive measurement
techniques, existing sensors are not well adapted to single-shot, rare
events often occurring in diagnostic tools based on specific radiation
detection, PET, SPECT, gamma cameras, and other minimallyinvasive / point of care tools. In addition, the relatively small field-ofview of existing sensors is a limiting factor.
SPADnet’s prime objective is to develop a scalable photonic
component for large format, rare-event imaging. The core of the
component will be an array of SPADs (Single-Photon Avalanche
Diodes, very sensitive light detectors, capable of detecting and timing
a single quantum of light), implemented in a conventional CMOS
technology. This will enable the integration in a mainstream
technology, capable of volume production, of the single-photon
sensing part as well as the related electronics, rather than having to
use dedicated fabrication processes. Furthermore, the sensors will be
faster and cheaper than existing devices, and compatible with the use
in strong magnetic fields, a prerequisite for the integration of PET
scanners with MRI machines (a current industry trend).

*Photon-starved regime means a
regime of extremely low
illumination, such as in many
medical imaging systems, in
particular those using radiotracers
("ordinary" X-ray imaging,
including CT imaging, is not
necessarily photon starved per
se, but might still profit from the
proposed developments).
In these regimes rare, single
(light) bursts are the norm rather
than the exception. In the case of
PET, the proposed developments
will potentially enable better
quality images with lower doses
of radiotracers. Incidentally, other
biophotonic and biomedical
applications are also photon
starved (e.g. those based on
fluorescence lifetime imaging,
which can also be tackled by the
proposed sensor), and the same
is true of applications in areas
such as astronomy or particle
physics.

Photomicrograph of a previous array of SPAD based pixels, to be used as
starting point for SPADnet (courtesy of the MEGAFRAME consortium).

Large formats will be achieved by tessellating several tens of dies in
abutment style using innovative three-dimensional packaging
techniques based on through silicon vias (TSVs), which allow the
implementation of vertical interconnections in a silicon substrate,
rather than horizontal ones as in conventional assembly processes.
This will in turn permit to drastically reduce insensitive areas.
The second key advantage will be represented by the ability to stamp
the time and position of each photon impingement in a burst event,
such as the light flashes generated by the impact of an X or gamma
ray on the scintillator covering each chip. The concept of spatial
oversampling is introduced, where a single measurement is
partitioned into a myriad of simultaneous sub-measurements. The
notable difference is that in space oversampling many SPADs will
detect the same event independently, thus reducing each sensor’s
dead time on average by the number of detectors involved.

Illustration of a SPAD sensor array and its functionality.

The decomposition of the large format imager to a network of
independent arrays is key to managing massive data streams. In
conventional sensors such as PMTs (photomultiplier tubes) or SiPMs
(silicon photomultipliers), the sensitive device produces a stream of
analog electrical pulses, which are processed outside the sensor. The
photonic component proposed in this project on the contrary
generates streams of digital data which will have been precomputed
in the sensor itself.
Finally, the current state-of-the-art on inter-chip
data exchange will be the basis for efficient data communication, in a
true sensor network communication style. Data packets will be routed
in the network and will be handled on-demand. For example,
coincidence mapping devices can be used in this context as
“snoopers” (network traffic surveillants) on the data bus, thus
considerably simplifying the architecture of systems such as PET.

