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Optical Power Budget 

�Power per channel 
inversely 
proportional to 
channel spacing. 

 

�20-dBm power 
limit determines 
achievable BW.  

 

� 12.5 Gb/s test case 
more scalable. 
Mainly because of 
receiver sensitivity. 
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WDM Channel Spacing (GHz)

�

�
12.5-Gbps Channels

25-Gbps Channels

152 channels, 1.9 Tb/s 

Power Limit 

70 channels, 1.75 Tb/s 
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Path to Commercialization: Silicon Photonic Technology 
Fundamental 
Discoveries 

Introduction of Innovative 
Devices and Processes 

Integration and 
Commercialization 

1990s   2000s    2010    2013 + 

 low-loss, single-mode 
waveguiding 

 

 

 

 

 

 

 optical coupling 

 optical modulation via 
carrier injection 

 high-speed microring 
modulators and switches 

 arrayed waveguide gratings 

 

 

 

 Germanium photodetectors 

 ultra low-loss waveguides 
and crossings 

 hybrid silicon lasers 

Hybrid  
platforms 

Monolithic CMOS 
Integration 

Foundry Services 

Transceivers  
for Datacom 
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320 Gb/s WDM transmitters based on silicon microrings 

8-channel WDM transmitter based on conventional common-bus architecture 

32fJ/bit modulation power efficiency, less than 0.04 � ��chip area 

highest aggregated data rate achieved in silicon transmitters 
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Silicon Photonics for Exascale Computing  
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Photonic Network-on-Chip Design 
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Photonic-Enabled Systems: Multi-Level Co-Design �
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JavancoPILOT
Lab measurements

Models found in literature

Projections

LWSim

Ad hoc simulations

Timing estimation

Traffic models

Application models

Signal quality
analysis

Bandwidth
Latency est.

Scaling
analysis

PhoenixSim
suite

Interconnect design
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Lab measurements

Models found in literature

Projections

LWSim

Ad hoc simulations
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Traffic models

Application models
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analysis
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PhoenixSim
suite

Interconnect design
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FPGA-Controlled Silicon Photonic Interconnected System 
Optical Network Interface: O-NIC Link Negotiation and Control 

RX M
O
D 

M
O
D 

M
O
D 

TX SiP 
WDM

TX 

RX 
Electronics 

SiP 
WDM 
Filter 

Source 
FPGA 
node 

Dest. 
FPGA 
node 
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Subsystem 1: Link Negotiation 
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http://www.altera.com/
http://us.micron.com/


FPGA-Controlled Silicon Photonic Interconnected System 
Subsystem Thermal Control and Operation 

SiP micro-ring 
subsystem 

ADC DAC 

Control 
output(s) Feedback 

Control FPGA 
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Subsystem 2: SiP Device Control 

��������������������������� �
������������������������������������
��������������������������������������

������������������������������������



��� ��� �����
�� ��� � �
��������

�
�������������
�����������������
�������������������
���������������� ��
���������������

�������
�������������
��������
������������
���������������
������
�� ���������
���������� ���
�����������
�����������������

FPGA-Controlled Silicon Photonic Interconnected System 
Switch Fabric Control and Arbitration 

Subsystem 3: FPGA-Controlled Switching 



HMC  
(2GB, gen2) 

8 bidir. lanes @ 40 Gbps per FPGA 

320 Gbps 
Rx 

320 Gbps 
Tx 

1.28 Tbps bisectional bandwidth 

SiPh WDM 
Tx/Rx chip 

SiPh WDM 
Tx/Rx chip 

SiPh WDM 
Tx/Rx chip 

SiPh WDM 
Tx/Rx chip 

FPGA 
(Stratix 10) 

FPGA 
(Stratix 10) 

FPGA 
(Stratix 10) 

FPGA 
(Stratix 10) 

6x6 SiPh MZI-based switch 

640 Gbps 
Rx 

640 Gbps 
Tx 

Silicon Photonic Interconnected  
Micron Hybrid Memory Cube 

320 Gbps 
Rx 

320 Gbps 
Tx 

320 Gbps 
Rx 

320 Gbps 
Tx 

320 Gbps 
Rx 

320 Gbps 
Tx 

Stratix 10 FPGAs –  
(Tentative release date 2015)  

1.28 Tbps bisectional bandwidth 

Board I/O 

8 X 40Gb/s eye diagrams 

8 WDM CH 
SiPh Chip 
(OPSIS) 



NxN SiP Architecture 

Scalability of an FPGA-Controlled Silicon Photonic  
Interconnected System 
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NxN SiP Architecture 




