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Imec and GLOBALFOUNDRIES Announce Breakthrough in Al Chip, Bringing
Deep Neural Network Calculations to loT Edge Devices

July 8, 2020

LEUVEN, Belgium, and Santa Clara, Calif., July 8, 2020 — Imec, a world-leading research and innovation hub in nanoelectronics
and digital technologies, and GLOBALFOUNDRIES® (GF®), the world’s leading specialty foundry, today announced a hardware
demonstration of a new artificial intelligence chip. Based on imec’s Analog in Memory Computing (AiIMC) architecture utilizing GF’s
22FDX® solution, the new chip is optimized to perform deep neural network calculations on in-memory computing hardware in the
analog domain. Achieving record-high energy efficiency up to 2,900 TOPS/W, the accelerator is a key enabler for inference-
on-the-edge for low-power devices. The privacy, security and latency benefits of this new technology will have an impact on Al
applications in a wide range of edge devices, from smart speakers to self-driving vehicles.

Since the early days of the digital computer age, the processor has been separated from the memory. Operations performed using
a large amount of data require a similarly large number of data elements to be retrieved from the memory storage. This limitation,
known as the von Neumann bottleneck, can overshadow the actual computing time, especially in neural networks — which depend
on large vector matrix multiplications. These computations are performed with the precision of a digital computer and require a
significant amount of energy. However, neural networks can also achieve accurate results if the vector-matrix multiplications are
performed with a lower precision on analog technology.

To address this challenge, imec and its industrial partners in imec’s industrial affiliation machine learning program, including GF,
developed a new architecture which eliminates the von Neumann bottleneck by performing analog computation in SRAM cells.
The resulting Analog Inference Accelerator (AnlA), built on GF’s 22FDX semiconductor platform, has exceptional energy efficiency.
Characterization tests demonstrate power efficiency peaking at 2,900 tera operations per second per watt (TOPS/W). Pattern
recognition in tiny sensors and low-power edge devices, which is typically powered by machine learning in data centers, can now
be performed locally on this power-efficient accelerator.

“The successful tape-out of AnlA marks an important step forward toward validation of Analog in Memory Computing (AiMC),” said
Diederik Verkest, program director for machine learning at imec. “The reference implementation not only shows that analog
in-memory calculations are possible in practice, but also that they achieve an energy efficiency ten to hundred times better than
digital accelerators. In imec’s machine learning program, we tune existing and emerging memory devices to optimize them for
analog in-memory computation. These promising results encourage us to further develop this technology, with the ambition to
evolve towards 10,000 TOPS/W".

“GlobalFoundries collaborated closely with imec to implement the new AnlA chip using our low-power, high-performance 22FDX
platform,” said Hiren Majmudar, vice president of product management for computing and wired infrastructure at GF. “This test
chip is a critical step forward in demonstrating to the industry how 22FDX can significantly reduce the power consumption of
energy-intensive Al and machine learning applications.”

Looking ahead, GF will include AiIMC as a feature able to be implemented on the 22FDX platform for a differentiated solution in
the Al market space. GF’s 22FDX employs 22nm FD-SOI technology to deliver outstanding performance at extremely low power,
with the ability to operate at 0.5 Volt ultralow power and at 1 pico amp per micron for ultralow standby leakage. 22FDX with the
new AiMC feature is in development at GF’s state-of-the-art 300mm production line at Fab 1 in Dresden, Germany.

About imec

Imec is a world-leading research and innovation hub in nanoelectronics and digital technologies. The combination of our widely
acclaimed leadership in microchip technology and profound software and ICT expertise is what makes us unique. By leveraging
our world-class infrastructure and local and global ecosystem of partners across a multitude of industries, we create
groundbreaking innovation in application domains such as healthcare, smart cities and mobility, logistics and manufacturing,
energy and education.

As a trusted partner for companies, start-ups and universities we bring together more than 4,000 brilliant minds from almost 100
nationalities. Imec is headquartered in Leuven, Belgium and has distributed R&D groups at a number of Flemish universities, in
the Netherlands, Taiwan, USA, and offices in China, India and Japan. In 2019, imec's revenue (P&L) totaled 640 million euro.
Further information on imec can be found at www.imec-int.com.&nbsp;

Imec is a registered trademark for the activities of IMEC International (a legal entity set up under Belgian law as a “stichting van
openbaar nut”), imec Belgium (IMEC vzw supported by the Government of Flanders), imec the Netherlands (Stichting IMEC
Nederland, part of Holst Centre and OnePlanet, supported by the Dutch Government), imec Taiwan (IMEC Taiwan Co.), imec
China (IMEC Microelectronics (Shanghai) Co. Ltd.), imec India (Imec India Private Limited) and imec Florida (IMEC USA
nanoelectronics design center).
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About GF

GLOBALFOUNDRIES (GF) is the world’s leading specialty foundry. GF delivers differentiated feature-rich solutions that enable its
clients to develop innovative products for high-growth market segments. GF provides a broad range of platforms and features with
a unique mix of design, development and fabrication services. With an at-scale manufacturing footprint spanning the U.S., Europe
and Asia, GF has the flexibility and agility to meet the dynamic needs of clients across the globe. GF is owned by Mubadala
Investment Company. For more information, visit www.globalfoundries.com.
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