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Computation to Communications Bound 
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Data Movement Dominates- Energy 



Photonic Interconnects for Computing Platforms: 
Change the Rules for Bandwidth-per-Watt 

�� � �

ELECTRONICS 

 Buffer, receive, and re-transmit 
at every repeater/router 

 Space Parallelism : 
 Each bus lane routed independently 

(P � NLANES) 

 Low I/O bandwidth density 

 Off-chip BW requires much more 
power than on-chip BW  

 
 

PHOTONICS 

 Modulate/receive data stream 
once per communication event 

 Wavelength Parallelism : 
 Broadband switch routes entire 

multi-wavelength stream 

 High I/O bandwidth density 

 Distance Independence 
 Off-chip BW ≈ on-chip BW for 

nearly same power 
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In the context of computing – Photonic communication can be fully 
exploited only by rethinking how to leverage its unique data-
movement capabilities to realize new system architectures 
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Silicon Photonics 
Silicon-on-insulator (SOI) platform photonic building blocks: 

High index contrast enables high confinement, low-loss propagation, 

virtually lossless bending 
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Silicon Photonic Interconnects in Computing 

�Silicon photonics:  

�Off-chip BW = On-chip BW for nearly same power. 

�Dense WDM = extreme bandwidth density - I/O bottlenecks 

�Broadband switch routes entire multi-wavelength stream. 

㠀�

� Bandwidth density: ~ 2 Tbps/20 �m 
pitch at chip’s edge. 

[F. Doany et al., JLT 29 (4) (2011)] 
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Silicon Photonics – Optical Interconnection Networks 

-Silicon as core material 
�High refractive index and high contrast – 

sub micron cross-section dimensions, 
smallest bend radius. 

-Small footprint devices  
�10 μm – 1 mm scale compared to  

cm-level scale for telecom components 

-Low power consumption 
�Can reach <1 pJ/bit per full point to 

point link 

-Aggressive WDM platform 
�Bandwidth densities 1-2Tb/s per pin 

-Silicon wafer-level CMOS 
processing  
� Integration 

�Mass production, price 

�Compatibility with CMOS fabs, CMOS 
electronics 

 

Switching 

WDM Modulation & Demultiplexing 

Silicon Microring/Microdisk Based Devices 

(Cornell/Columbia) (Oracle) 

Modulation 



Active / Tunable Micoring Devices  
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Operating 

Wavelength 
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p-i-n 

Blue shift 



Microring-Based Comm. Links 
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Analytical Model 



Dense WDM Microring Link Design 
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Laser 
Array 

Optical Die Optical Die 
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