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Executive Summary

= The era of 3D integration and advanced packaging is upon us, but the
ecosystem is not ready

= Fine pitch features in advanced 3D packaging require metrologies to
detect defects at all levels — surface and buried

= I[nnovative solutions are needed to enable non-destructive, sub-micron
resolution, and high-speed metrologies
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Advanced Packaging Technology Drivers
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Higher wafer cost drives Need for complex sizes that
disaggregation exceed the reticle limit

Advanced packaging is required to re-aggregate chiplets and build

complexes larger than the reticle limit
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Evolution of Advanced Packaging

ADVANCED PACKAGING ERA
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I provide power and signaling from motherboard to die high density interconnects that enable larger die complexes from multiple process nodes
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Evolution of 3D Packaging
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3D stacking will evolve to enable more complex and integrated devices
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Key Trend: Pitch Scaling
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Cu-Cu hybrid bonding enables aggressive pitch scaling to <1 um
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Key Challenges: Defect Isolation in Stacks
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As devices become more complex with reduced dimensions, more advanced defect

isolation methods are required to pinpoint location of defects in buried structures
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Key Challenges: High Resolution CSAM
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CSAM is a critical metrology, but higher resolution requires sample prep/die thinning

that is not always possible with 3D stacked structures
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Key Challenges: High Resolution Imaging
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Christian Schmidt, Lorenz Lechner, Ingrid DeWolf,
Soon-Wook Kim, Eric Beyn ECTC 2018

Need innovation in imaging to quickly detect subtle defects buried under

multiple interfaces non-destructively
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Key Challenges: High Resolution Imaging

Sub-micro resolution
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» High speeddetectors
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(Hybrid Open Tube, Oblique CT method with Pulsed X-ray)

Micro p voids

1. https://smtnet.com/news/index.cfm?fuseaction=view news&company id=54743&news id=24997

2. https://www.glenbrooktech.com/x-ray-inspection-system-rentals/bga-inspection/
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Trends: Glass Substrates

Glass offers improved material properties resulting in better dimensional
stability and ability to scale
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Key Challenges: Crack Detection

ATTD_LYA 20,008V 5.9mm x100 MD

Edge defects due Cracks that can become
to singulation gross fails if undetected

New in-line metrologies required to quickly detect micron-level cracks in

glass substrates
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Trends: Co-Packaged Optics

Glass bridge with integrated waveguides is key to enabling a high-volume
compatible pluggable solution
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Key Challenges: Metrology
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Non-destructive methods for 3D mapping of optical waveguides in glass +
high accuracy measurement of fine features on a transparent substrate
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Key Challenges: Metrology

In-line metrology & inspection for real time
process feedback
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Need higher level of integration of metrologies inside process tools for
real-time process feedback and control
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Executive Summary

= The era of 3D integration and advanced packaging is upon us, but the
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Intel.

All product and service plans, and roadmaps are subject to change without notice. Any forecasts of products, services or technologies needed for Intel's operations are provided for discussion purposes only. Intel will have no
liability to make any purchase in connection with forecasts published in this document. Code names are often used by Intel to identify products, services or technologies that are in development and usage may change over
time. Product, service and technology performance varies by use, configuration and other factors. No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document. Learn
more at www.Intel.com/Performancelndex and www.Intel.com/Processlnnovation.

Reference to research results, including comparisons to products, services or technology performance are estimates and do not imply availability. The products and services described may contain defects or errors which may
cause deviation from published specifications. Current characterized errata are available on request. Intel disclaims all express and implied warranties, including without limitation, the implied warranties of merchantability,
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statements. For more information on the factors that could cause actual results to differ materially, see our most recent earnings releases, annual report on form 10-K and other SEC filings at www.intc.com.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may be claimed as the property of others. This document contains information on
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