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OPTICAL INTERCONNECTS

State of the art
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Advantages

More bits per “wire”

Better signal integrity



SUPERCOMPUTER SYSTEMS TRENDS
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..our ability to “service” the FLOPs is degrading

Balanced system
architecture

Memory-driven
programming model

Energy efficiency from chip
to cooling tower

Open architecture, open
ecosystem




ECOSYSTEM REQUIREMENTS

e Current SiPh players own all the IP
e “Vertical” model
e Inefficient
e High entry barrier
e “Horizontal” model
e Licensable IP, off the shelf parts

e Comprehensive catalog of tools, parts, and
services

e Quick time to market

e Targeted for high-volume
e CPU, GPU, switch manufacturers
e System integrators
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A SILICON PHOTONICS ECOSYSTEM

How do we increase market penetration of SiPh?

4 Licensees/Customers R
* Switch vendors
* CPU/GPU vendors
* Accelerators
« System integrators The Eco-system | T TTTTTmTmTTmTmTTom 1
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_[ Test Equip. Vendors ] Component Vendors
* Lasers

* Connectors, etc.
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Fiorentino et al. “An open Silicon Photonics ecosystem for computercom applications” in Silicon Photonics IV, D. Lockwood
and L. Pavesi eds. (in print)



PROCESS & VERIFICATION

e Standard SiPh process
e 300 mm wafers
e 220 to 270 nm top silicon
e 1-3 um BOX
e 3-4 etches
e Implants
e Ge process for PDs
e Expansion
e Ge APD process
e Laser heterogeneous integration
e Need reproducible results!
e Parameter control
e Verification
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Sun, Peng, et al. "Statistical behavioral models of silicon ring resonators at a commercial CMOS foundry." IEEE Journal of

Selected Topics in Quantum Electronics 26.2 (2019): 1-10.



DESIGN TOOLS S ——

Simulations
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e Separate design cycles | |
e Device design tools | " gesin DOE Fab | !
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e Required for photonics engineers | 1

e Python-based p-cells e C7or— T;T

e Create symbols and models for system designers ¢+ | | | | i
e System design tools R T B ReE T .

e Facilitate use for non-experts | !

e Automated place and route ) > o | Fab > Test _._. To assembly

e Integrated simulations | 3 |
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3D INTEGRATION CO-SIMULATION [ 3 EM mode }

Signal Integrity (SI)

ower ntagrity (P Thermal Integrity (TI)

e Co-Design Methodology for Silicon Photonics 3D M simuiaton Roopanayss (7 niiaon
IC l l coupling l
-Parameter analysis urrent density, Temperature map
e SI/Pl using Ansys Electronics SParameteranal o s analysis
l l mport temperature map
e also supports IR-Drop simulation S mremmarame e ERCONNECT
. . . annel simulation pho_tonic (?il'CUit
e Showed Thermal-Aware Photonic Circuit I simulton
Sl mu | ati on Eye mask verification OF:;‘;aLiSap;rgrle:m,

thermal budgeting

e Thermal Simulation using Ansys Icepak

e Photonic Circuit Simulation using Ansys Lumerical

INTERCONNECT
e Eliminate Design Issues in the Early Design Stages
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Jinsung Youn “Electronic-Photonic IC Co-Design with Signal/Power ' rin% mc?du'j
Integrity and Thermal Simulation for Silicon Photonics 3D IC” in ’
DesignCon 2021.
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DEVICES

e |nitial offering
e Short- and long-reach WG
e Transitions, splitters, and crossings
e Gratings and edge couplers
e AWG, interleaver and ring filter
 Bias diode and heater
e PIN and PN ring modulators
e Ge PDs
e TSV-ready
e Additions
e Ge APDs
e Integrated lasers




LASERS

Laser integration
e Off-chip
e Currently available
e Field-replaceable unit
e Comb lasers available
e Expensive (~USS100/laser)
e On-chip
e Adopted by some players
e Lower cost (*USS10/laser)
e Heterogeneously integrated
e Lowest cost (>USS0.1/laser)
e Integration flow requires buy-in from foundries
e Single point of failure/requires redundancy
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PACKAGING

Packaging evolution
e Front panel
- Current solution
e On-board —— R v T e
e Saves cost/power
e Eliminates front panel BW bottleneck
e |n-package
e Further reduces cost/power
e Eliminates pin BW bottleneck
» Requires severable fiber attach
e Requires TSVs
e Packaging has still a lot of issues
» Develop photonics techniques that are robust
e Adapt packaging to be compatible
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FUTURE WORK

Still much work to do!

e Continued technology improvement
e At-scale demo of TSVs
e Expand device portfolio with active components and APDs
e Improve chip packaging
» Develop high fiber count connectors
e Simplify supply chain
e Consolidate suppliers
e Simplify processes
e Continue recruiting partners/users
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