ISSCC Special Event : The Path to Sustainable IC Ecosystems

Sustainability has become a major concern in our lives in general and all the way to IC design. It widened from energy management to include greenhouse gas emissions and pressure on natural resources all along the product lifecycle. These challenges must be taken into account early in product design phases, to rethink system architecture and circuit techniques to favor frugality and reuse, and minimize the impact of manufacturing. A deep restructuration of the IC ecosystem to integrate eco-design and reuse will need to arise, from either topdown political intervention or company-driven initiatives. This panel, astutely moderated by Pr. Massimo Alioto from the National University of Singapore, investigated the options to facilitate an economically viable path to sustainable IC ecosystem, through the views of six excellent panelists.

Carole-Jean Wu, Research Scientist and Technical Lead Manager at Meta, highlighted the shift from operational carbon footprint to embodied carbon footprint. Broadly, carbon emissions are categorized in two components: the footprint from operational energy consumption, and the footprint from hardware manufacturing and infrastructure. With decades of optimization efforts devoted to energy efficiency optimization, the dominating factor contributing to computing's overall carbon footprint has started shifting from operational computations (operational carbon) to hardware manufacturing and infrastructures (embodied carbon). This shift of the carbon footprint bottleneck opens new directions and development opportunities for a sustainable IC ecosystem. Yogesh Ramadass, Senior Director at Texas Instruments, stressed the relevance of power conversion efficiency from the grid to the device. Electrical power accounts for 40% of the energy consumption in the US with a significant portion of it flowing through a semiconductor-based power converter before end use. At the smaller energy scales, the ubiquitous presence of electronics in our everyday lives as handhelds and autonomous devices brings with it the need for ever increasing amounts of batteries. In this context, it becomes crucial to innovate on higher efficiency semiconductor materials and circuit topologies together with battery-less architectures and systems for improved energy sustainability and reduced reliance on natural resources. At both the macro and micro energy-scales, the presence of standards and initiatives requiring higher efficiencies and removal of batteries is accelerating the pace of innovation needed towards creating a sustainable semiconductor ecosystem. Marcus Pan, Science Director of the Semiconductor Research Corporation, alerted on the challenges of sustained growth of the semiconductor market in a limited world-level energy production envelope. Ever-rising energy for computing versus global energy production is leaving question marks over sustaining "superexponential growth" for information and communication technologies. The surge of chip manufacturing and packaged chip volumes is putting additional stress on our already taxed environment, including intensive water consumption and hazardous chemicals. As a collaborative R&D community, we must reinvest the ecosystem to carry early eco-friendly technology adopters over the "Death Valley" among academic research, government regulations and industrial production. It is as a community that scientists, designers, chipmakers, chemists, and the tech industry will push innovative energy-saving paradigm shift in next-generation integrated circuits, and create new manufacturing technologies that can reduce, reuse and recycle Todd Brady, Chief Sustainability Officer for Intel Corporation, highlighted the dual efforts for the semiconductor market to improve its own footprint and propose solutions for other industries. As an industry, it has a long track record of innovation in sustainability but to achieve net-zero footprints in carbon, water, and waste we need further breakthroughs in green chemistry, abatement systems, water reclaim technologies and circular economy solutions. He advocated for continued collaboration across the semiconductor value chain to bring these innovations to life. Andreia Cathelin, Technology R&D Fellow with STMicroelectronics, advocated for design-technology coconstructed energy aware solutions from the ground up. Sustainability appeals to all possible areas in semiconductors industry: product compliance in terms of raw materials, eco-design devices (power efficient and low-carbon), manufacturing respecting social and environmental programs, responsible applications and product compliance in terms of end of life. Technologists and IC designers can and should contribute to the overall effort over three axes: enable technologies that are energy-aware by construction such as FD-SOI CMOS, act for a system level global energy aware strategy and bring in circuit design solutions that always show 10x better energy reduction.

Jo De Boeck, Executive Vice President and Chief Strategy Officer at IMEC, insisted on establishing models all along the supply chain to evaluate the potential impact of design and technology innovation for sustainable ICs. When applying life-cycle assessment analysis to electronic products today, there is a knowledge gap concerning the environmental footprint of the fabrication of semiconductor ICs for more advanced technologies. An action within the entire semiconductor supply chain is required and better, data-driven insights into the impact of the most advanced current and future IC chip technologies are essential. The above will help to quantify the effort required to achieve carbon neutrality and net-zero emissions goals. It also helps individual contributors to identify high-impact problems, improve processes/equipment, and guide green technology pathfinding.

After opening statements from the panelists, a session of live Q&A raised interesting observations intertwining technique and ethics for sustainability. The panel was questioned on the responsibility of the ecosystem on the usage by the customers, which may involve novel EDA approaches and tools to foresee usage metrics and drive product specifications, and even education of the consumer through better awareness of the device footprint, including feedback from the hardware to the user all along the product life. Integration of the ICs in products and systems also raises interesting challenges for upgrading or local repair, to avoid systematic replacement, all the more in the view that ICs per se are relatively robust, while failures often come from the battery or packaging. This highlighted the potential of self-powered electronics, and low-level research in general, which will lead to more product opportunities, while answering ethically to the market demand.

To the question whether sustainability is really a novel research driver for IC design given that saving area and power is already driven by cost, the panelists shared interesting positions, including having a more holistic system design approach rather than segmented optimization of blocks, or the stronger inclination of the younger generation to minimizing their environmental footprint, while not knowing what's hidden behind their digital usage, which again calls for live feedback from the hardware on its energy/carbon impact. After a round of questions, Pr. Alioto proposed an entertaining sequence where the panelists would have to answer binary questions all at once on the spot regarding their view on the most efficient path to IC design sustainability:

-"IDM vs. Foundry", with IDM as a clear winner, provided the better opportunity for holistic optimization.

-"Edge vs. Cloud", slightly in favor of cloud, where environmental costs may be better amortized, but also diverging opinions for edge, given the numbers and the problematic of power supply, which could have a bigger impact. -"Market incentive vs. Regulation", which came out as a draw, as regulation has to lead to market incentive. -"Short-term resiliency vs. Long-term sustainability", which has been a challenge across recent crises.

This alternative was heartily discussed, whether these were opposing trends or could benefit each other.

On these shifting tides of dissensus and consensus, the panel concluded on a general agreement on the need for more research and innovation of the IC design community together with the whole semiconductor value chain, to commit on bringing these innovations to the market.
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