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Abstract

Semiconductor technology is essential for enabling a sustainable future, but it also poses significant
environmental challenges, such as high emissions, water use, resource depletion, and e-waste. Imec's
Sustainable Semiconductor Technologies and Systems (SSTS) program aims to address these challenges
by reducing the environmental impact of fab processes.

In this presentation, in addition to discussing the general trends of emissions related to the manufacturing of
advanced IC technologies, the contribution of the upstream emissions related to manufacturing of wet
chemicals will be highlighted. The findings are stressing the need of collaboration across the semiconductor
manufacturing value chain to have a meaningful impact on the total emissions embedded in integrated
circuits.
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Abstract

Sustainability is important for modern semiconductor manufacturing facilities to reduce environmental impact,
ensure regulatory compliance, enhance corporate social responsibility, and lower operating costs.
Semiconductor wafer fabs consume a significant amount of water, chemicals and energy and generate a
large amount of waste, which can have a significant environmental impact. For example, modern facilities
can use up to 20 million liters of water/day. On the chemical side, sulfuric acid (H2SO4) is one of the most
widely used chemicals in the microelectronics industry and the amount is expected to increase ~50% by
2021. Since wet cleaning processes account for more than one-fourth of all processes, reduction of these
process chemistries presents an opportunity for engineered solutions to improve the efficiency of UPW and
chemical use.

SCREEN Semiconductor Solutions has recently developed and installed in high-volume manufacturing
(HVM) technology for the recycling of hot UPW for single-wafer cleans that reduces UPW and energy use by
80%. Furthermore, to help reduce the environmental impact of sulfuric acid, SCREEN has developed a SPM
reclaim function on their single-wafer platform that can reduce SPM use by 70% with similar process
performance compared to single-pass use. By implementing sustainable practices, such as reducing
chemical and UPW consumption and improving energy efficiency, semiconductor facilities can reduce their
environmental impact and contribute to a more sustainable future.
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Abstract

Computational fluid dynamics (CFD) is used to optimize cleaning efficiency by adjusting fluid properties and
process parameters. The research examines thickness variations across the wafer, characterizes the wavy
air-liquid interface, and measures liquid velocity and viscous sublayer thickness. The results underscore the
importance of turbulent structures, the balance between Coriolis and viscous forces, and the effective use of
CFD LES (Large Eddy Simulation) to visualize the viscous sublayer and eddy flow.
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Abstract

SCREEN Semiconductor Solutions has been developing single-wafer cleaning equipment since 1983. Since
then, the company has evolved the technology by pursuing optimal treatment of the air-liquid interface on
wafer surfaces. The SU-3400 inherits the stable cleaning performance of the industry-leading "SU Series"
and is at the forefront of productivity and processing performance.

This new flagship single-wafer processor tool features high throughput by utilizing 24 spin units at small
footprint, reduction of environmental load and stable operation by using Big Data.
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Abstract

For 30 years, Soitec has been designing and manufacturing semiconductor-engineered substrates. Soitec is
addressing markets for three key megatrends such as 5G/6G, Electrical Vehicles (EVs), and Artificial
Intelligence. We foresee EVs to become a significant new growth driver using Silicon Carbide (SiC) in their
power electronics systems. SiC brings several advantages over Silicon when it comes to power electronic
devices. These include a higher breakdown voltage, higher operating temperature, and higher thermal
efficiency.

Smart-Cut™ applied to SiC, generating SmartSiC ™ engineered substrate aims to accelerate SiC adoption
and brings the best of SiC by combining high conductivity ultra-flat pSiC and high-quality layer of mSiC for
the device. This unique vertical structure allows an additional boost in the electrical performance and
efficiency of power devices. On the sustainability front, SmartSiC™, is a greener route to volume by targeting
CO2 footprint equivalent to silicon wafers, mostly to vast reuse of mSIC donor wafers, obtained at a very
high thermal budget.

SmartSiC ™ defectivity performances must be aligned on the Silicon maturity level, using the same cleaning
process, equipment and reaching the same defectivity level. If there is no dedicated manufacturing line, SiC
and Si wafers have to be processed together.

SmartSiC™-engineered substrate is a revolution that Soitec is not doing alone. We are collaborating with
strategic partners on all fronts, from research and technology organizations to materials and equipment
suppliers and leading device manufacturers.
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Abstract

ST has been strongly committed to sustainability for more than 25 years, through the creation of technology
and solutions that enable customers to improve energy efficiency, make driving greener and increase the
use of renewable energy. In the last decade, silicon carbide (SiC) has attracted increasing attention and
started to play a significant role in the green economy transition, thanks to its excellent physical properties,
that allow to obtain higher breakdown voltage, higher switching frequency, lower resistance, and smaller
devices. Laser annealing is nowadays considered an enabling process for the new generation of SiC power
device manufacturing because it allows obtaining state-of-the-art back side ohmic contacts on very thin
wafers. Moreover, promising results have been obtained by using laser annealing for dopant activation and
front-side ohmic contact formation.
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Abstract

In view of 3D sequential integration, an architecture with at least two levels of active devices on top of each
other, there are severe thermal budget limitations for the processing of the upper level(s). To avoid any
degradation of the already processed bottom level(s), ‘cold’ process modules have to be developed for the
upper transistors fabrication. Two important challenges are the gate stack formation and the activation of the
dopants in the source and drains. These steps usually require high-temperature processes that are no longer
compatible with a 3D sequential integration. For the dopants activation in S/D regions, even Solid-Phase
Epitaxial Regrowth (SPER) in classical reactors is not longer an option if the maximum acceptable
temperature is limited to 400°C. UV nanosecond laser annealing (UV-NLA) is a smart alternative technique
to overcome such limitations. In the present work, we will demonstrate the nanometer-by-nanometer
recrystallization of amorphized silicon, using an original multi-pulse approach. We will also show that efficient
active dopant activation is obtained.

Biography
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Abstract

Ultimate control of thermal budget, both in time and in depth, is made possible by combining surface-
selective anneal enabled by UV laser and control of heat diffusion enabled by tuning the irradiation duration
in the ps timescale.

Such technology opens a new space in between sub-melting standard techniques, such as furnace anneal or
flash lamps anneal, and nanosecond melting UV laser anneal.

The emergence of these laser annealing products will open the door to advanced process integration paths
for next generation of semiconductor devices.

For Si IGBT, UV us LA allows activation of p/n junction in a diffusion-less single step process. Thanks to
ultimate control of heat penetration depth, UV ps LA is suitable for all kind of profiles up to 5 ym while staying
compatible with thin wafers.

SiC power devices have emerged as a breakthrough technology for a wide range of applications, from
inverter for automotive to fast charging stations. Fabricating low resistance ohmic contact with good reliability
and mechanical performances is still challenging, and UV ps-LA is shown to lead to uniform and continuous
formation of NixSiy films. Finally, crystal curing and dopant activation after ion implantation by laser anneal,
in a cost-effective and protective capping-less integration, is a major step forward and opens new routes for
SiC power MOSFETS.

Next generation of CMOS will have their overall performances limited by the metal interconnects “BEOL”.
Indeed, diminution of the width of these interconnects leads to an important increasing of the line resistivity.
Enlargement of the grain size can prevent the electron scattering at the grain boundaries and boost metal
lines performance. UV us-LA has already demonstrated impressive grain size enlargement on copper and
ruthenium while remaining compatible with buried structures.
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