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High Performance Computing Scalable Devices for Web 3.0 

Evolution of telecommunications; E. Desurvire, 2006 
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Silicon *anophotonics2 Opportunities 
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Silicon Microring Modulator 3D#Poly#Modulator#OE#002 Broadband#Switch#OE#002 

Silicon 5hotonic Devices 2  
Interconnect Integrated Devices 

Complete#Interconnect#OE#002# 

Wavelength Divison Multiplexing using Silicon Micro-rings,#OE’2010 
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9esonant Silicon :lectro-optic Modulators 
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9esonant Silicon :lectro-optic Modulators 
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Micro-ring Silicon  
:lectro-optic Modulator 
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1> Gb/s micro-ring Silicon  
:lectro-optic Modulator ON 

Laser In  

OFF 

18 Gbps, Mar 2007 
S. Manipatruni, M. Lipson et al LEOS 2007 

S. Manipatruni, Q.Xu, M. Lipson Opt. Express Vol. 15, No. 20, (2007 )  

Castest Modulation 9ate on Silicon  
using Micro-rings 
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Scaling the Modulation DandEidth 
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F0 Gbit/s Wavelength Divison Multiplexing 
System 

9 

S" $ani(atruni, -" Chen an1 $" -i(son,  45ltra 7i1e 8an1 79$ usin: Silicon $icro-ring Modulators "  
Optics Express 2010 
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Highest Modulation Bandwidth on Silicon using Microrings 

F0 Gbit/s Wavelength Divison Multiplexing 
System 

S" $ani(atruni, -" Chen an1 $" -i(son,  45ltra 7i1e 8an1 79$ usin: Silicon $icro-ring Modulators "  
Optics Express 2010 
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DandEidth Density for Cuture 
Microprocessors 

12 

Bandwidth Density : 
Data rate per micron pitch cross section 
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Here, we show a bandwidth capacity of 33 Gbit/s.µm 
and ~ 100 Tbit/s· mm2  modulation density.  

DandEidth Density for Cuture 
Microprocessors 
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1F0 mL Silicon :lectro-optic Modulator 
MoEards Direct Digital Nogic Driven Modulators 
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Loltage Scaling in Digital CMOS  

Stringent conditions on voltage sEing can  
be expected for future CMOS integration 

Q00R 
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Snalog Driver Complexity 

Snalog drivers limit the bandEidth density  
and the minimum energy achievable. 

Analog drivers significantly 
1. Decrease the bandwidth density 

2. Increase the energy/bit 

Luxtera 2005 
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Scaling Micro-ring Modulators 

Silicon Micro-ring modulator Eith a modal volume of Q Micron3 

3

2

+

"
#
$

%
&
',-

Nnk
v

Area
f

D sa t
op tica l

)



  - Cornell Nanophotonics Group - 
  nanophotonics.ece.cornell.edu  

Optimum Driving Conditions for 
Carrier InVection Modulators 
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Optimum Driving Conditions for 
Carrier InVection Modulators 
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1F0 mL peaW-peaW voltage operation 
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4 5ltra -ow 9rive >olta:e, 5ltra S?all Silicon @lectro-o(tic $o1ulatorA, O(tics @C(ress DEFE 
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Oltra NoE Loltage  
Silicon Micro-ring Modulator 

Spplied :lectrical Signal Optical Modulation 

Smallest SEing Loltage for silicon electro-optic sEitching to date 

1 Gbit/s Modulation using 1F0 mL peaW-peaW voltage sEing 

S.Manipatruni, K.Preston, L.Chen, M.Lipson, 
4 5ltra -ow 9rive >olta:e, 5ltra S?all Silicon @lectro-o(tic $o1ulatorA, O(tics @C(ress DEFE 
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MoEards Direct Digital Nogic Drive 
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Digital Nogic 
Oltra Small 
Modulator 
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MoEards Direct Digital Nogic Drive 
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 2013    20 nm
 2016 ~ 16 nm
 2020 ~ 11 nm

1 V

0.78 V

Modulators can be driven with 2 Micron sized transistors at Id,sat of#664#IAKLm# 
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Conclusion 

Smallest sEing voltage for silicon electro-optic modulation to date 

Smallest micro-ring modulator to date 
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Silicon :lectro-optic Modulators2  
Duilding DlocWs for Optical *etEorWs on Chip 

Speed :  
Fastest Microring Modulator 

Robustness :  
Stability over 15 K 

Scalability : 50 Gbit/s 
Highest Modulation Capacity using microrings 

18 Gbps, Mar 2007 

Scaling Rules : 
Based on physical models & ITRS 
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Silicon *anophotonic Device 9e[uirements 
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Table 1.3: Device Requirements for sub 100 fJ/bit Silicon Nanophotonic Interconnects* 
* We provide one possible set of device parameters. A large range of devices can meet the requirement with appropriate tradeoffs. 
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Compact, Multi-Eavelength, ]igh speed, 
CMOS Silicon 5hotonic Components 
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Silicon 5hotonics Impact So Car 2 
Computing 

Columbia, IDM 
Dergman, ^ash et al 

Sun, ]5 Nabs 
S.  ^rishnamoorthy,  

Deausolil et al 

C. Datten et al 

Most proposed multi-core netEorW architectures are based on  
Silicon photonic building blocWs. 

32 
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