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The Evolution of PwrSoC Requirements
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The Evolution of PwrSoC Requirements
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processor and System-on-Chip (SoC) designs, IEEE/ACM
International Conference on Computer-Aided Design, 2015.
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https://ieeexplore.ieee.org/document/7372564

The Evolution of PwrSoC Requirements
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S. Kulkarni, Voltage Regulators with Integrated Inductors on Chip vs in
Package, Applied Power Electronics Conference and Exposition, 2020.
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The Original Idea
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K. Radhakrishnan et al, Power Delivery for High Performance Microprocessors —
Challenges, Solutions and Future Trends, IEEE Transactions on Components, Packaging and
Manufacturing Technology, Volume 11, Issue 4, April 2021.
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https://ieeexplore.ieee.org/document/9377004

Meantime, on the Processor Side...
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K. Radhakrishnan et al, Power Delivery for High Performance Microprocessors —
Challenges, Solutions and Future Trends, IEEE Transactions on Components, Packaging and
Manufacturing Technology, Volume 11, Issue 4, April 2021.
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R. Mahajan, Advanced Packaging Architectures for Heterogeneous Integration, PwrSoC 2021
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K. Radhakrishnan et al, Power Delivery for High Performance Microprocessors —

Challenges, Solutions and Future Trends, IEEE Transactions on Components, Packaging and

Manufacturing Technology, Volume 11, Issue 4, April 2021.
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Two-stage Conversion Is Mandatory
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Now: Chiplets and Heterogeneous
Integration = Compute Tie
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R. Mahajan, Advanced Packaging Architectures for Heterogeneous Integration, PwrSoC 2021

10 of 24



Shortest Path for Current Flow Is Vertical

Dozens of dies in a single package
from many disparate sources Es&;;

Power Delivery Layer

Tesla Dojo
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How do we get there?

N. Sturcken, IEEE Power Electronics Society October
22, 2020, Integrated Power — A Virtual Panel Session
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Many Options Are Proposed
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https://www.imaps.org/live_virtual_workshop_on_advan.php

Many Options Are Proposed

K. Radhakrishnan, Power Delivery for Heterogeneous Systems, Connecting
Heterogeneous Systems Summit, September 2021.
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PWRSOC IS NOW INTO
EVERYDAY PRODUCTS



Product Generations: Intel
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Product Generations: Samsung
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Product Generations: Apple

Apple A13 designed by Apple (2019)
(manufactured by TSMC, 7 nm finFET process and packaged by TSMC's InFO technolgy)
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Global Foundries Joinsthe Path

* GF joins TSMC in
providing integrated
iInductors in silicon

« Others are working on it
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What Is “More Than Moore”?

* Heterogeneous Integration enables:

1. Higher Performance and Efficiency
— Integration of Passive Components
— Integration of IlI-V Semiconductors
2. Co-optimization of Signal & Power Integrity
— FO-packaging
— TSV’s
— WoW and CoW
— Silicon Interposers and Silicon Bridges



GaN Is Making Great Progress

 Integration of Power and Drivers
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Process Is Driven by Power Routing

Signal on one side — Power from the other side

Front Side Interconnects: Signal Routing

Front Side Interconnects:
Power & Signal Routing
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R. Mahajan, Advanced Packaging Architectures for Heterogeneous Integration, PwrSoC 2021
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Conclusions

Incorporating Power Management in High Performance SoC is
mandatory! Heterogeneous Integration is the solution.

Each application has different requirements and constraints: there
is no single solution!

High Performance Computing requires Two-stage architecture for
any supply 25 V. GaN is a good option for the first stage.

Back-end processing has evolved dramatically: FO packages, TSV,
WoW and CoW bonding are now in volume production.

Computing Industry has hit the “Power Wall”: Performance and
Efficiency improvements require bringing Power Management into
the System Architecture — from the start of the project!



Many Thanks to the IEEE HIR Members!

Integrated Power Electronics (IPE) Technical Working Group (TWG) @

’ HETEROGENEOQUS
I ‘ INTEGRATION ROADMAP

Doug Hopkins Patrick McCluskey PM Raj Cian O Mathuna
North Corolina Stote University University of Maryland  Florida International University Tyndall National Institute YY Tan
DCHopkins@ncsu.edu meclupa@umd.edu mpulugur@fiu.edu cian.omathuna@tyndall.ie ON Semiconductor

tan.ylkyee@onsemi.com

-

N
Ray Fillion Tzu Hsuan Cheng Robert Davis Bob Conner Francesco Carobolante Jason Rouse
Fillion Consulting North Carolina State University ON Semi X-Celeprint loTissimo Corning
fillion.consulting@gmail.com tcheng8@ncsu.edu  Robert.Davis@onsemi.com beonner@x-celeprint.com francesco@iotissimo.com  rousejh@corning.com
o I E E E IEEE . / 2 : BETRON
, «photonics /psemi 65 ELEcrronics YEVS  Slide 1 @mﬂ
et SOCIETY > oy

24 of 24



ThankYou for Listening!

Apollo 13 — Universal Pictures

My contact:
francesco@iotissimo.com

“Power is Everything”*
John Aaron- Apollo 13 Flight Controller
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