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Abstract
Abstract
Research activities in the field of brain-inspired computing have gained a large momentum in
recent years. The main reason is the attempt to go beyond the limitation of the conventional
Von Neumann architecture that is in-creasingly affected by the limitation of the bandwidth and
latency of the memory-logic communication. In neuro-morphic architectures, the memory is
distributed and can be co-localised with the logic, in particular it is what the new resistive
memories technologies could provide. While most of the attention is being directed to
implementation of Deep Learning algorithms in large computing system, the impact on device
and circuit technology has been mixed. On one hand, advanced standard CMOS technology has
been used to develop GPU and specific circuit accelerators without making use of any “bio-

inspired” hardware. On the other hand, emerging resistive memory devices (RRAMs) are
considered good candidates to emulate a biologically plausible synaptic behavior at nanometer
scale, because of the fact that they offer the possibility to modulate their conductance by
applying low biases, and can be easily integrated with CMOS-based neuron circuits in a backend process during the making of the chip. This has opened the way for the realization of
compact and energy-efficient computing architectures based on artificial neural networks
(ANNs) – mainly using unsupervised learning rules such as the Spike Timing Dependent
Plasticity - but that have been restricted mostly to the research community due to the
insufficient maturity of the technology.
An intermediate, and probably faster to market application of these new memory technologies
will be their applica-tion as a slow-nonvolatile cache/fast mass storage as inter-mediate
memory level in conventional accelerators. This will allow a reduction of the fast DRAM and
SRAM cache areas while still reducing latency to access the mass storage.
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Main bottleneck to the realization of next generation computing systems for all big-, securedata applications and related industries, including System-in-Package and System-on-Chip
based solutions, is the lack of off-chip (off-core) interconnects with low latency, low power, high
bandwidth, and high density.
The solution to overcome these challenges is the use of photonics.
Photonics as an underlying technology is addressing the following main technological
challenges of the next generation computing systems such as i) Off-chip interconnects, ii)
Massive switching matrix, iii) Disruptive system architectures, iv) Cooling concepts, v) New
peripheral component interconnect express, vi) Memory fabric, vii) Novel computing functions
in order to enable Quantum- & Neuromorphic Computing, AI.
Next Generation Photonics Platform will enable the disruptive computing technology and
photonics enabled architectures, leading to faster, cheaper, power efficient, secure, denser
solutions for applications and industries. Further, generic co-integration with all building-blocks
of computing technology will be possible, since photonic based standard interfaces between
building blocks are introduced and implemented.
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In this talk I will present the recent progress made by IMEC in the fabrication and integration of
basic quantum circuits targeting qubits into a 300mm FAB.
Quantum Computing holds promise for solving complex computational problems which are
intractable by classical calculators. The basic ingredient for the implementation of a quantum
computer is the availability of a two-level system mimicking the classical bit “0” and “1”(the
qubit), on which we can encode the basic information.
The exceptional computation power of a Quantum Computer originates by the quantummechanical property of superposition, according to which the qubit state is defined as an
arbitrary linear combination of the two constituent bit states. At the qubit level, two main solidstate implementations are currently explored at IMEC. They are based on individual spins in
Silicon and Superconducting circuits. Spins in silicon have demonstrated the longest coherence
time in any solid-state device as a result of the lack of hyperfine interaction coupling the spins
of the nuclei and the electronic spins.
Another approach makes use of Superconducting devices, which, to date, represent the most
advanced solid-state implementation of a qubit. Although this technology has proven to be
mature for the implementation of basic Quantum Algorithms, it presents unique challenges in
term of integration of a large (millions) array of qubits, necessary for error-correction. Given the
rather large foot-print of an elemental Superconducting qubit, this platform need to
demonstrate its viability in terms of up-scalability.
In the long term, both qubits platform need to be integrated into a larger system comprising
the control electronics routing the necessary signals to the physical qubit layer. In IMEC we are
pursuing these research lines leveraging the extended know-how in terms of large-scale
integration and system architecture.
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