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* Semiconductors are the linchpin for crucial * The 2020-present chip shortage has been widely * The specialized fabrication process makes it
control and compute logic in all electronics discussed spanning semiconductor engineering, difficult to source alternative suppliers

* Global semiconductor sales are projected to manufacturing, supply chain management, * |t takes multiple years new foundries to be built
exceed $600 billion in 2022 economics, and policy and reach full production capacity

* More firms are designing in-house silicon for * The chip shortage has led to widespread * Complex internal assembly lines prevent

stronger hardware/software integration production delays across multiple industries foundries from quickly restarting production

Can chip architectures be more resilient to manufacturing challenges?

e Designers are locked into a firm and a process node for many design iterations A /o Only three firms (Intel, TSMC, Samsung) produce at “sub 10 nm” processes A
e Tapeout tools may take hours to days to run e \Wafer etching can introduce defects and reduce wafer yield rates
e Advanced process nodes require more DRC and LVS rule checks e More demand from more firms and hoarding increase queuing times
\o Tapeout timing issues need to be fixed with ECO iterations y \o All component dies in the final chip have to arrive before packaging can begin y
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Design : :
Time-to-Market Modeling

e \Wafer production rate depends on process node e Packaging firms need to test more dies

e \Vafer yield rate depends on process node and than are packaged due to yield loss
die area e Multiple dies may be packaged in a final

e [nternal foundry assembly lines means each chip (ex. “chiplet” architectures)
wafer lot (~25 wafers) takes 12-20 weeks to e [nternal packaging assembly lines take on
complete the fabrication process average 6 weeks to complete

e Block hierarchy design means
only unique transistors need
to be taped out

e Tapeout time depends on
process node choice
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* Computer architects have the least control over foundry production time-to-market and/or highest CAS
capacity yW \_
* The time-to-market TTM of chip design d depends on current market e
conditions ¢, the number of final chips n, and the process nodes p 2 R
used in the design Combine time-to-market and CAS modeling with ] ‘o
* Chip Agility Score (CAS) characterizes the resiliency of cost analysis, performance analysis, etc. to find g o e O .
architectures against manufacturing disruptions pareto-optimal designs § <R
* Chips that use multiple process nodes are vulnerable to disruptions \ Timetomarkel (weeks) Y

on their constituent process nodes which can delay packaging
* Designs with the lowest time-to-market do not necessarily have the
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