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Disclaimer 

Presentation Disclaimer: All opinions, judgments, recommendations, 

etc. that are presented herein are the opinions of the presenter of the 

material and do not necessarily reflect the opinions of the PCI-SIG®. 
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Why PCIe® on Optical? 

 Link Distance  

300m (5GT/s) 

100m (8GT/s) 

 Cable Management 

3mm diameter 

Flexible 

Much lighter 

Thinner plug shell 

 Noise Immunity 

Not sensitive to RF interference 

Ultra-quiet environments 
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Active Optical Cables 

 What is an Active Optical Cable (AOC)? 

An Active Optical Cable (AOC) is a cabling solution that mates to the same electrical 
ports as a traditional copper cable, but uses optical fiber in place of copper conductors. 
The electrical to optical conversion circuitry is fully integrated into the connector ends. 

 

 

 

 

 

 

 

 

 

 AOC advantages 

 Plugs into the same plug as copper 

– Same ports works for optical and copper 

 No optical connectors 

– Not sensitive to dust 
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Optical Technology 

 Anatomy of an Optical Engine 
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PCIe Over Optical 

 Challenges to implementing PCIe on Optical 

Clocking 

Sidebands 

Electrical Idle 

No optical cable standard defined in PCIe 2.x cabling 

 A traditional optical transceiver will not work! 

Need specially designed optical cable 

SFP, QSFP, SNAP12é will generally not work 

 What is not a challenge 

Signal speed ï current optical engines up to 14G/fiber 

Copyright © 2012, PCI-SIG, All Rights Reserved 7 



PCI-SIG Developers Conference 

PCIe Specific Support 
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 Samtec's AOC PCIe support (for PCIe 2.x): 

 Link Training 

 Electrical Idle 

 Auxiliary signals / sidebands: cable present, wake, reset, power on 

 Power up/down from either side 

 100 MHz clock forwarding (asynchronous) 
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Electrical Idle 

 PCIe Electrical Idle is not compatible with 
standard active optical cables (QSFP for 
example) 

Regular optical cables will fail to link 

 Possible solutions 

Deal with it in the cable 

Add an optics mode to the base spec 

Add Idle signal cue in the base spec 

Generate Idle signal cue or optical idle support in a 
gasket chip 
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Electrical Idle Dealt  
within the Cable 

 Timing of detection/transmit/shut-off is critical  

Extra delay might impair training or enumeration in 
deeply nested system 

-10- 

1- Cable detects 

electrical idle 

2- Transmit ñidle 

detectedò via copper, 

extra fiber, or multiplexed 

in-band on existing fiber 

3- End enters 

electrical idle  
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Sidebands 

 Challenging to support in pure optical 

 Adding separate fibers / transmitters to support it is expensive 

 Making a hybrid copper/fiber cable is expensive and not practical 

 Makes the cable directional (the two ends are not the same in 

optics) 

 Need power on both ends for sidebands to work 
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Clocking 
 No good SSC clock solutions with the current PCIe 2.x standard 

 Forwarding clock 

– Using copper  -> expensive hybrid cable, limited length 

– Using fiber -> adds one fiber, cable not symmetric 

 Spread Spectrum not usable beyond 7m anyhow 

 Currently have to use clock isolation card for SSC support beyond 7m  

 SSC clock ECN has been proposed, would allow SSC clocking over 

optical 

-12- 
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What do I Need to 
Implement a PCIe AOC 

 An optical cable that specifically supports PCIe 

 3.3V power at both plugs: 

 x4 

– +3.3V pins B14, B15 

– GND pins B16, B17 

 x8 

– +3.3V pins B14, B15, B16  

– GND pins B17, B18, B19 

 Clock isolation adapter card if using SSC 

 Strict implementation of sidebands 

 Either implement strictly according to standard 

 Or ignore completely (ñno sideband cableò option to be ordered) 
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Clock Isolation Card Example 

 Needed if using SSC enabled computers 

 Connects on computer side using SSC 

 Switch chips converts to constant clocking on optical cable side 

 Card + Optical cable combo is tested to PCIe compliance 

 

 

 

 

 

 

 Available from multiple vendors 
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Multi-fiber MTP / MPO Connector 

PCIe Cables with Optical 
Connectors 

 One end replaced with a 
standard optical MTP 
connector 

 Connects to 

passive optical cable 

other breakout assembly 

 customer fiber plant / patch 
panel 

 front panel optical 
connectors 
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On-board Optical Engine 
Solutions 

 Pigtailed Paddleboards 

 x4 and x8 
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15.5 

mm 

12.9 

mm 

 x8 PCIe 3.0 Miniature 
Optical Engine 

 In development 

 Much higher interconnect 
density than copper solutions 
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Future Directions 

 Looking forward to 8GT/s 

 5GT/s (PCIe 2.x) Eyes cables have 
lots of margin 

 8GT/s rates not an issue in optical 

 However, PCIe 3.0 introduces new 
challenges 

– negotiated pre-emphasis and equalization 
might not work on a non-linear link 

– cabling working groups working on 
solution allowing for copper, active cable 
and active optical to co-exist 
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5GT/s eye after 100m 

of optical propagation 
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Current Work in PCI-SIG 

 New cabling standard to include optical 

Auto detection of cable types (copper, active copper, 
optical) 

SSC support without clock isolation cards 

Smaller connector designed to accommodate optical 

 Current cables already support some of the 
features 

PCIe 3.0 rate compatible 
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Conclusion 

 Optical implementation of PCIe is beneficial 

long links, flexible cable, RF immunityé 

 Already available at PCIe 2.x, providedé 

power provided at both plugs 

 clock isolation cards needed if using SSC 

attention to sideband implementation 

compatible with copper but not ñcompliantò (no optical 
cable standard to ñcomplyò with)  

 PCI-SIG to define an optical cable as part of the 
standard solution 

 On-board miniature solutions coming soon 
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 Thank you for attending the  
PCI-SIG Developers Conference 2012 
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www.pcisig.com 


