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Outline

• Use of DWDM in future Access
• Colourless approaches for low cost

-Tuneable  ONU
-Reflective ONU

• Photonic integration for OLT
• Conclusions



Architectural Assumptions

• Increased use of WDM
-for either increased capacity on TDMA PON
- or virtual point-to-point flexibility of WDM-PON

• Data rates up to 10Gbit/s
-especially for TDMA PON 

• Possible need for long reach up to 100km
-to facilitate node consolidation
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- Virtual “Point-to-Point”
– Protocol and bit rate transparent

– No contention & Low latency

WDM/TDMA PON
-Reduce back-haul cost of long 
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Challenges for DWDM in 
Access

• Capex : Cost of terminals (both ONU and OLT)

• Opex : Management of DWDM resources
S - B a n d  C - B a n d  L - B a n d  

1 0 0  G H z  G r i d  5 0  G H z  O f f s e t  1 0 0  G H z  G r i d  5 0  G H z  O f f s e t  1 0 0  G H z  G r i d  5 0  G H z  O f f s e t  
n m  T H z  n m  T H z  n m  T H z  n m  T H z  n m  T H z  n m  T H z  

1 4 9 0 . 7 6  2 0 1 . 1 0  1 4 9 1 . 1 3  2 0 1 . 0 5  1 5 2 8 . 7 7  1 9 6 . 1 0  1 5 2 9 . 1 6  1 9 6 . 0 5  1 5 6 8 . 7 7  1 9 1 . 1 0  1 5 6 9 . 1 8  1 9 1 . 0 5  
1 4 9 1 . 5 0  2 0 1 . 0 0  1 4 9 1 . 8 8  2 0 0 . 9 5  1 5 2 9 . 5 5  1 9 6 . 0 0  1 5 2 9 . 9 4  1 9 5 . 9 5  1 5 6 9 . 5 9  1 9 1 . 0 0  1 5 7 0 . 0 1  1 9 0 . 9 5  
1 4 9 2 . 2 5  2 0 0 . 9 0  1 4 9 2 . 6 2  2 0 0 . 8 5  1 5 3 0 . 3 3  1 9 5 . 9 0  1 5 3 0 . 7 2  1 9 5 . 8 5  1 5 7 0 . 4 2  1 9 0 . 9 0  1 5 7 0 . 8 3  1 9 0 . 8 5  
1 4 9 2 . 9 9  2 0 0 . 8 0  1 4 9 3 . 3 6  2 0 0 . 7 5  1 5 3 1 . 1 2  1 9 5 . 8 0  1 5 3 1 . 5 1  1 9 5 . 7 5  1 5 7 1 . 2 4  1 9 0 . 8 0  1 5 7 1 . 6 5  1 9 0 . 7 5  
1 4 9 3 . 7 3  2 0 0 . 7 0  1 4 9 4 . 1 1  2 0 0 . 6 5  1 5 3 1 . 9 0  1 9 5 . 7 0  1 5 3 2 . 2 9  1 9 5 . 6 5  1 5 7 2 . 0 6  1 9 0 . 7 0  1 5 7 2 . 4 8  1 9 0 . 6 5  
1 4 9 4 . 4 8  2 0 0 . 6 0  1 4 9 4 . 8 5  2 0 0 . 5 5  1 5 3 2 . 6 8  1 9 5 . 6 0  1 5 3 3 . 0 7  1 9 5 . 5 5  1 5 7 2 . 8 9  1 9 0 . 6 0  1 5 7 3 . 3 0  1 9 0 . 5 5  
1 4 9 5 . 2 2  2 0 0 . 5 0  1 4 9 5 . 6 0  2 0 0 . 4 5  1 5 3 3 . 4 7  1 9 5 . 5 0  1 5 3 3 . 8 6  1 9 5 . 4 5  1 5 7 3 . 7 1  1 9 0 . 5 0  1 5 7 4 . 1 3  1 9 0 . 4 5  
1 4 9 5 . 9 7  2 0 0 . 4 0  1 4 9 6 . 3 4  2 0 0 . 3 5  1 5 3 4 . 2 5  1 9 5 . 4 0  1 5 3 4 . 6 4  1 9 5 . 3 5  1 5 7 4 . 5 4  1 9 0 . 4 0  1 5 7 4 . 9 5  1 9 0 . 3 5  
1 4 9 6 . 7 2  2 0 0 . 3 0  1 4 9 7 . 0 9  2 0 0 . 2 5  1 5 3 5 . 0 4  1 9 5 . 3 0  1 5 3 5 . 4 3  1 9 5 . 2 5  1 5 7 5 . 3 7  1 9 0 . 3 0  1 5 7 5 . 7 8  1 9 0 . 2 5  
1 4 9 7 . 4 6  2 0 0 . 2 0  1 4 9 7 . 8 4  2 0 0 . 1 5  1 5 3 5 . 8 2  1 9 5 . 2 0  1 5 3 6 . 2 2  1 9 5 . 1 5  1 5 7 6 . 2 0  1 9 0 . 2 0  1 5 7 6 . 6 1  1 9 0 . 1 5  
1 4 9 8 . 2 1  2 0 0 . 1 0  1 4 9 8 . 5 9  2 0 0 . 0 5  1 5 3 6 . 6 1  1 9 5 . 1 0  1 5 3 7 . 0 0  1 9 5 . 0 5  1 5 7 7 . 0 3  1 9 0 . 1 0  1 5 7 7 . 4 4  1 9 0 . 0 5  
1 4 9 8 . 9 6  2 0 0 . 0 0  1 4 9 9 . 3 4  1 9 9 . 9 5  1 5 3 7 . 4 0  1 9 5 . 0 0  1 5 3 7 . 7 9  1 9 4 . 9 5  1 5 7 7 . 8 6  1 9 0 . 0 0  1 5 7 8 . 2 7  1 8 9 . 9 5  
1 4 9 9 . 7 1  1 9 9 . 9 0  1 5 0 0 . 0 9  1 9 9 . 8 5  1 5 3 8 . 1 9  1 9 4 . 9 0  1 5 3 8 . 5 8  1 9 4 . 8 5  1 5 7 8 . 6 9  1 8 9 . 9 0  1 5 7 9 . 1 0  1 8 9 . 8 5  
1 5 0 0 . 4 6  1 9 9 . 8 0  1 5 0 0 . 8 4  1 9 9 . 7 5  1 5 3 8 . 9 8  1 9 4 . 8 0  1 5 3 9 . 3 7  1 9 4 . 7 5  1 5 7 9 . 5 2  1 8 9 . 8 0  1 5 7 9 . 9 3  1 8 9 . 7 5  
1 5 0 1 . 2 1  1 9 9 . 7 0  1 5 0 1 . 5 9  1 9 9 . 6 5  1 5 3 9 . 7 7  1 9 4 . 7 0  1 5 4 0 . 1 6  1 9 4 . 6 5  1 5 8 0 . 3 5  1 8 9 . 7 0  1 5 8 0 . 7 7  1 8 9 . 6 5  
1 5 0 1 . 9 7  1 9 9 . 6 0  1 5 0 2 . 3 4  1 9 9 . 5 5  1 5 4 0 . 5 6  1 9 4 . 6 0  1 5 4 0 . 9 5  1 9 4 . 5 5  1 5 8 1 . 1 8  1 8 9 . 6 0  1 5 8 1 . 6 0  1 8 9 . 5 5  
1 5 0 2 . 7 2  1 9 9 . 5 0  1 5 0 3 . 1 0  1 9 9 . 4 5  1 5 4 1 . 3 5  1 9 4 . 5 0  1 5 4 1 . 7 5  1 9 4 . 4 5  1 5 8 2 . 0 2  1 8 9 . 5 0  1 5 8 2 . 4 4  1 8 9 . 4 5  
1 5 0 3 . 4 7  1 9 9 . 4 0  1 5 0 3 . 8 5  1 9 9 . 3 5  1 5 4 2 . 1 4  1 9 4 . 4 0  1 5 4 2 . 5 4  1 9 4 . 3 5  1 5 8 2 . 8 5  1 8 9 . 4 0  1 5 8 3 . 2 7  1 8 9 . 3 5  
1 5 0 4 . 2 3  1 9 9 . 3 0  1 5 0 4 . 6 0  1 9 9 . 2 5  1 5 4 2 . 9 4  1 9 4 . 3 0  1 5 4 3 . 3 3  1 9 4 . 2 5  1 5 8 3 . 6 9  1 8 9 . 3 0  1 5 8 4 . 1 1  1 8 9 . 2 5  
1 5 0 4 . 9 8  1 9 9 . 2 0  1 5 0 5 . 3 6  1 9 9 . 1 5  1 5 4 3 . 7 3  1 9 4 . 2 0  1 5 4 4 . 1 3  1 9 4 . 1 5  1 5 8 4 . 5 3  1 8 9 . 2 0  1 5 8 4 . 9 5  1 8 9 . 1 5  
1 5 0 5 . 7 4  1 9 9 . 1 0  1 5 0 6 . 1 2  1 9 9 . 0 5  1 5 4 4 . 5 3  1 9 4 . 1 0  1 5 4 4 . 9 2  1 9 4 . 0 5  1 5 8 5 . 3 6  1 8 9 . 1 0  1 5 8 5 . 7 8  1 8 9 . 0 5  
1 5 0 6 . 4 9  1 9 9 . 0 0  1 5 0 6 . 8 7  1 9 8 . 9 5  1 5 4 5 . 3 2  1 9 4 . 0 0  1 5 4 5 . 7 2  1 9 3 . 9 5  1 5 8 6 . 2 0  1 8 9 . 0 0  1 5 8 6 . 6 2  1 8 8 . 9 5  
1 5 0 7 . 2 5  1 9 8 . 9 0  1 5 0 7 . 6 3  1 9 8 . 8 5  1 5 4 6 . 1 2  1 9 3 . 9 0  1 5 4 6 . 5 2  1 9 3 . 8 5  1 5 8 7 . 0 4  1 8 8 . 9 0  1 5 8 7 . 4 6  1 8 8 . 8 5  
1 5 0 8 . 0 1  1 9 8 . 8 0  1 5 0 8 . 3 9  1 9 8 . 7 5  1 5 4 6 . 9 2  1 9 3 . 8 0  1 5 4 7 . 3 2  1 9 3 . 7 5  1 5 8 7 . 8 8  1 8 8 . 8 0  1 5 8 8 . 3 0  1 8 8 . 7 5  
1 5 0 8 . 7 7  1 9 8 . 7 0  1 5 0 9 . 1 5  1 9 8 . 6 5  1 5 4 7 . 7 2  1 9 3 . 7 0  1 5 4 8 . 1 1  1 9 3 . 6 5  1 5 8 8 . 7 3  1 8 8 . 7 0  1 5 8 9 . 1 5  1 8 8 . 6 5  
1 5 0 9 . 5 3  1 9 8 . 6 0  1 5 0 9 . 9 1  1 9 8 . 5 5  1 5 4 8 . 5 1  1 9 3 . 6 0  1 5 4 8 . 9 1  1 9 3 . 5 5  1 5 8 9 . 5 7  1 8 8 . 6 0  1 5 8 9 . 9 9  1 8 8 . 5 5  
1 5 1 0 . 2 9  1 9 8 . 5 0  1 5 1 0 . 6 7  1 9 8 . 4 5  1 5 4 9 . 3 2  1 9 3 . 5 0  1 5 4 9 . 7 2  1 9 3 . 4 5  1 5 9 0 . 4 1  1 8 8 . 5 0  1 5 9 0 . 8 3  1 8 8 . 4 5  
1 5 1 1 . 0 5  1 9 8 . 4 0  1 5 1 1 . 4 3  1 9 8 . 3 5  1 5 5 0 . 1 2  1 9 3 . 4 0  1 5 5 0 . 5 2  1 9 3 . 3 5  1 5 9 1 . 2 6  1 8 8 . 4 0  1 5 9 1 . 6 8  1 8 8 . 3 5  
1 5 1 1 . 8 1  1 9 8 . 3 0  1 5 1 2 . 1 9  1 9 8 . 2 5  1 5 5 0 . 9 2  1 9 3 . 3 0  1 5 5 1 . 3 2  1 9 3 . 2 5  1 5 9 2 . 1 0  1 8 8 . 3 0  1 5 9 2 . 5 2  1 8 8 . 2 5  
1 5 1 2 . 5 8  1 9 8 . 2 0  1 5 1 2 . 9 6  1 9 8 . 1 5  1 5 5 1 . 7 2  1 9 3 . 2 0  1 5 5 2 . 1 2  1 9 3 . 1 5  1 5 9 2 . 9 5  1 8 8 . 2 0  1 5 9 3 . 3 7  1 8 8 . 1 5  
1 5 1 3 . 3 4  1 9 8 . 1 0  1 5 1 3 . 7 2  1 9 8 . 0 5  1 5 5 2 . 5 2  1 9 3 . 1 0  1 5 5 2 . 9 3  1 9 3 . 0 5  1 5 9 3 . 7 9  1 8 8 . 1 0  1 5 9 4 . 2 2  1 8 8 . 0 5  
1 5 1 4 . 1 0  1 9 8 . 0 0  1 5 1 4 . 4 9  1 9 7 . 9 5  1 5 5 3 . 3 3  1 9 3 . 0 0  1 5 5 3 . 7 3  1 9 2 . 9 5  1 5 9 4 . 6 4  1 8 8 . 0 0  1 5 9 5 . 0 6  1 8 7 . 9 5  
1 5 1 4 . 8 7  1 9 7 . 9 0  1 5 1 5 . 2 5  1 9 7 . 8 5  1 5 5 4 . 1 3  1 9 2 . 9 0  1 5 5 4 . 5 4  1 9 2 . 8 5  1 5 9 5 . 4 9  1 8 7 . 9 0  1 5 9 5 . 9 1  1 8 7 . 8 5  
1 5 1 5 . 6 3  1 9 7 . 8 0  1 5 1 6 . 0 2  1 9 7 . 7 5  1 5 5 4 . 9 4  1 9 2 . 8 0  1 5 5 5 . 3 4  1 9 2 . 7 5  1 5 9 6 . 3 4  1 8 7 . 8 0  1 5 9 6 . 7 6  1 8 7 . 7 5  
1 5 1 6 . 4 0  1 9 7 . 7 0  1 5 1 6 . 7 8  1 9 7 . 6 5  1 5 5 5 . 7 5  1 9 2 . 7 0  1 5 5 6 . 1 5  1 9 2 . 6 5  1 5 9 7 . 1 9  1 8 7 . 7 0  1 5 9 7 . 6 2  1 8 7 . 6 5  
1 5 1 7 . 1 7  1 9 7 . 6 0  1 5 1 7 . 5 5  1 9 7 . 5 5  1 5 5 6 . 5 5  1 9 2 . 6 0  1 5 5 6 . 9 6  1 9 2 . 5 5  1 5 9 8 . 0 4  1 8 7 . 6 0  1 5 9 8 . 4 7  1 8 7 . 5 5  
1 5 1 7 . 9 4  1 9 7 . 5 0  1 5 1 8 . 3 2  1 9 7 . 4 5  1 5 5 7 . 3 6  1 9 2 . 5 0  1 5 5 7 . 7 7  1 9 2 . 4 5  1 5 9 8 . 8 9  1 8 7 . 5 0  1 5 9 9 . 3 2  1 8 7 . 4 5  
1 5 1 8 . 7 1  1 9 7 . 4 0  1 5 1 9 . 0 9  1 9 7 . 3 5  1 5 5 8 . 1 7  1 9 2 . 4 0  1 5 5 8 . 5 8  1 9 2 . 3 5  1 5 9 9 . 7 5  1 8 7 . 4 0  1 6 0 0 . 1 7  1 8 7 . 3 5  
1 5 1 9 . 4 8  1 9 7 . 3 0  1 5 1 9 . 8 6  1 9 7 . 2 5  1 5 5 8 . 9 8  1 9 2 . 3 0  1 5 5 9 . 3 9  1 9 2 . 2 5  1 6 0 0 . 6 0  1 8 7 . 3 0  1 6 0 1 . 0 3  1 8 7 . 2 5  
1 5 2 0 . 2 5  1 9 7 . 2 0  1 5 2 0 . 6 3  1 9 7 . 1 5  1 5 5 9 . 7 9  1 9 2 . 2 0  1 5 6 0 . 2 0  1 9 2 . 1 5  1 6 0 1 . 4 6  1 8 7 . 2 0  1 6 0 1 . 8 8  1 8 7 . 1 5  
1 5 2 1 . 0 2  1 9 7 . 1 0  1 5 2 1 . 4 0  1 9 7 . 0 5  1 5 6 0 . 6 1  1 9 2 . 1 0  1 5 6 1 . 0 1  1 9 2 . 0 5  1 6 0 2 . 3 1  1 8 7 . 1 0  1 6 0 2 . 7 4  1 8 7 . 0 5  
1 5 2 1 . 7 9  1 9 7 . 0 0  1 5 2 2 . 1 8  1 9 6 . 9 5  1 5 6 1 . 4 2  1 9 2 . 0 0  1 5 6 1 . 8 3  1 9 1 . 9 5  1 6 0 3 . 1 7  1 8 7 . 0 0  1 6 0 3 . 6 0  1 8 6 . 9 5  
1 5 2 2 . 5 6  1 9 6 . 9 0  1 5 2 2 . 9 5  1 9 6 . 8 5  1 5 6 2 . 2 3  1 9 1 . 9 0  1 5 6 2 . 6 4  1 9 1 . 8 5  1 6 0 4 . 0 3  1 8 6 . 9 0  1 6 0 4 . 4 6  1 8 6 . 8 5  
1 5 2 3 . 3 4  1 9 6 . 8 0  1 5 2 3 . 7 2  1 9 6 . 7 5  1 5 6 3 . 0 5  1 9 1 . 8 0  1 5 6 3 . 4 5  1 9 1 . 7 5  1 6 0 4 . 8 8  1 8 6 . 8 0  1 6 0 5 . 3 1  1 8 6 . 7 5  
1 5 2 4 . 1 1  1 9 6 . 7 0  1 5 2 4 . 5 0  1 9 6 . 6 5  1 5 6 3 . 8 6  1 9 1 . 7 0  1 5 6 4 . 2 7  1 9 1 . 6 5  1 6 0 5 . 7 4  1 8 6 . 7 0  1 6 0 6 . 1 7  1 8 6 . 6 5  



S - B a n d  C - B a n d  L - B a n d  
1 0 0  G H z  G r i d  5 0  G H z  O f f s e t  1 0 0  G H z  G r i d  5 0  G H z  O f f s e t  1 0 0  G H z  G r i d  5 0  G H z  O f f s e t  

n m  T H z  n m  T H z  n m  T H z  n m  T H z  n m  T H z  n m  T H z  
1 4 9 0 . 7 6  2 0 1 . 1 0  1 4 9 1 . 1 3  2 0 1 . 0 5  1 5 2 8 . 7 7  1 9 6 . 1 0  1 5 2 9 . 1 6  1 9 6 . 0 5  1 5 6 8 . 7 7  1 9 1 . 1 0  1 5 6 9 . 1 8  1 9 1 . 0 5  
1 4 9 1 . 5 0  2 0 1 . 0 0  1 4 9 1 . 8 8  2 0 0 . 9 5  1 5 2 9 . 5 5  1 9 6 . 0 0  1 5 2 9 . 9 4  1 9 5 . 9 5  1 5 6 9 . 5 9  1 9 1 . 0 0  1 5 7 0 . 0 1  1 9 0 . 9 5  
1 4 9 2 . 2 5  2 0 0 . 9 0  1 4 9 2 . 6 2  2 0 0 . 8 5  1 5 3 0 . 3 3  1 9 5 . 9 0  1 5 3 0 . 7 2  1 9 5 . 8 5  1 5 7 0 . 4 2  1 9 0 . 9 0  1 5 7 0 . 8 3  1 9 0 . 8 5  
1 4 9 2 . 9 9  2 0 0 . 8 0  1 4 9 3 . 3 6  2 0 0 . 7 5  1 5 3 1 . 1 2  1 9 5 . 8 0  1 5 3 1 . 5 1  1 9 5 . 7 5  1 5 7 1 . 2 4  1 9 0 . 8 0  1 5 7 1 . 6 5  1 9 0 . 7 5  
1 4 9 3 . 7 3  2 0 0 . 7 0  1 4 9 4 . 1 1  2 0 0 . 6 5  1 5 3 1 . 9 0  1 9 5 . 7 0  1 5 3 2 . 2 9  1 9 5 . 6 5  1 5 7 2 . 0 6  1 9 0 . 7 0  1 5 7 2 . 4 8  1 9 0 . 6 5  
1 4 9 4 . 4 8  2 0 0 . 6 0  1 4 9 4 . 8 5  2 0 0 . 5 5  1 5 3 2 . 6 8  1 9 5 . 6 0  1 5 3 3 . 0 7  1 9 5 . 5 5  1 5 7 2 . 8 9  1 9 0 . 6 0  1 5 7 3 . 3 0  1 9 0 . 5 5  
1 4 9 5 . 2 2  2 0 0 . 5 0  1 4 9 5 . 6 0  2 0 0 . 4 5  1 5 3 3 . 4 7  1 9 5 . 5 0  1 5 3 3 . 8 6  1 9 5 . 4 5  1 5 7 3 . 7 1  1 9 0 . 5 0  1 5 7 4 . 1 3  1 9 0 . 4 5  
1 4 9 5 . 9 7  2 0 0 . 4 0  1 4 9 6 . 3 4  2 0 0 . 3 5  1 5 3 4 . 2 5  1 9 5 . 4 0  1 5 3 4 . 6 4  1 9 5 . 3 5  1 5 7 4 . 5 4  1 9 0 . 4 0  1 5 7 4 . 9 5  1 9 0 . 3 5  
1 4 9 6 . 7 2  2 0 0 . 3 0  1 4 9 7 . 0 9  2 0 0 . 2 5  1 5 3 5 . 0 4  1 9 5 . 3 0  1 5 3 5 . 4 3  1 9 5 . 2 5  1 5 7 5 . 3 7  1 9 0 . 3 0  1 5 7 5 . 7 8  1 9 0 . 2 5  
1 4 9 7 . 4 6  2 0 0 . 2 0  1 4 9 7 . 8 4  2 0 0 . 1 5  1 5 3 5 . 8 2  1 9 5 . 2 0  1 5 3 6 . 2 2  1 9 5 . 1 5  1 5 7 6 . 2 0  1 9 0 . 2 0  1 5 7 6 . 6 1  1 9 0 . 1 5  
1 4 9 8 . 2 1  2 0 0 . 1 0  1 4 9 8 . 5 9  2 0 0 . 0 5  1 5 3 6 . 6 1  1 9 5 . 1 0  1 5 3 7 . 0 0  1 9 5 . 0 5  1 5 7 7 . 0 3  1 9 0 . 1 0  1 5 7 7 . 4 4  1 9 0 . 0 5  
1 4 9 8 . 9 6  2 0 0 . 0 0  1 4 9 9 . 3 4  1 9 9 . 9 5  1 5 3 7 . 4 0  1 9 5 . 0 0  1 5 3 7 . 7 9  1 9 4 . 9 5  1 5 7 7 . 8 6  1 9 0 . 0 0  1 5 7 8 . 2 7  1 8 9 . 9 5  
1 4 9 9 . 7 1  1 9 9 . 9 0  1 5 0 0 . 0 9  1 9 9 . 8 5  1 5 3 8 . 1 9  1 9 4 . 9 0  1 5 3 8 . 5 8  1 9 4 . 8 5  1 5 7 8 . 6 9  1 8 9 . 9 0  1 5 7 9 . 1 0  1 8 9 . 8 5  
1 5 0 0 . 4 6  1 9 9 . 8 0  1 5 0 0 . 8 4  1 9 9 . 7 5  1 5 3 8 . 9 8  1 9 4 . 8 0  1 5 3 9 . 3 7  1 9 4 . 7 5  1 5 7 9 . 5 2  1 8 9 . 8 0  1 5 7 9 . 9 3  1 8 9 . 7 5  
1 5 0 1 . 2 1  1 9 9 . 7 0  1 5 0 1 . 5 9  1 9 9 . 6 5  1 5 3 9 . 7 7  1 9 4 . 7 0  1 5 4 0 . 1 6  1 9 4 . 6 5  1 5 8 0 . 3 5  1 8 9 . 7 0  1 5 8 0 . 7 7  1 8 9 . 6 5  
1 5 0 1 . 9 7  1 9 9 . 6 0  1 5 0 2 . 3 4  1 9 9 . 5 5  1 5 4 0 . 5 6  1 9 4 . 6 0  1 5 4 0 . 9 5  1 9 4 . 5 5  1 5 8 1 . 1 8  1 8 9 . 6 0  1 5 8 1 . 6 0  1 8 9 . 5 5  
1 5 0 2 . 7 2  1 9 9 . 5 0  1 5 0 3 . 1 0  1 9 9 . 4 5  1 5 4 1 . 3 5  1 9 4 . 5 0  1 5 4 1 . 7 5  1 9 4 . 4 5  1 5 8 2 . 0 2  1 8 9 . 5 0  1 5 8 2 . 4 4  1 8 9 . 4 5  
1 5 0 3 . 4 7  1 9 9 . 4 0  1 5 0 3 . 8 5  1 9 9 . 3 5  1 5 4 2 . 1 4  1 9 4 . 4 0  1 5 4 2 . 5 4  1 9 4 . 3 5  1 5 8 2 . 8 5  1 8 9 . 4 0  1 5 8 3 . 2 7  1 8 9 . 3 5  
1 5 0 4 . 2 3  1 9 9 . 3 0  1 5 0 4 . 6 0  1 9 9 . 2 5  1 5 4 2 . 9 4  1 9 4 . 3 0  1 5 4 3 . 3 3  1 9 4 . 2 5  1 5 8 3 . 6 9  1 8 9 . 3 0  1 5 8 4 . 1 1  1 8 9 . 2 5  
1 5 0 4 . 9 8  1 9 9 . 2 0  1 5 0 5 . 3 6  1 9 9 . 1 5  1 5 4 3 . 7 3  1 9 4 . 2 0  1 5 4 4 . 1 3  1 9 4 . 1 5  1 5 8 4 . 5 3  1 8 9 . 2 0  1 5 8 4 . 9 5  1 8 9 . 1 5  
1 5 0 5 . 7 4  1 9 9 . 1 0  1 5 0 6 . 1 2  1 9 9 . 0 5  1 5 4 4 . 5 3  1 9 4 . 1 0  1 5 4 4 . 9 2  1 9 4 . 0 5  1 5 8 5 . 3 6  1 8 9 . 1 0  1 5 8 5 . 7 8  1 8 9 . 0 5  
1 5 0 6 . 4 9  1 9 9 . 0 0  1 5 0 6 . 8 7  1 9 8 . 9 5  1 5 4 5 . 3 2  1 9 4 . 0 0  1 5 4 5 . 7 2  1 9 3 . 9 5  1 5 8 6 . 2 0  1 8 9 . 0 0  1 5 8 6 . 6 2  1 8 8 . 9 5  
1 5 0 7 . 2 5  1 9 8 . 9 0  1 5 0 7 . 6 3  1 9 8 . 8 5  1 5 4 6 . 1 2  1 9 3 . 9 0  1 5 4 6 . 5 2  1 9 3 . 8 5  1 5 8 7 . 0 4  1 8 8 . 9 0  1 5 8 7 . 4 6  1 8 8 . 8 5  
1 5 0 8 . 0 1  1 9 8 . 8 0  1 5 0 8 . 3 9  1 9 8 . 7 5  1 5 4 6 . 9 2  1 9 3 . 8 0  1 5 4 7 . 3 2  1 9 3 . 7 5  1 5 8 7 . 8 8  1 8 8 . 8 0  1 5 8 8 . 3 0  1 8 8 . 7 5  
1 5 0 8 . 7 7  1 9 8 . 7 0  1 5 0 9 . 1 5  1 9 8 . 6 5  1 5 4 7 . 7 2  1 9 3 . 7 0  1 5 4 8 . 1 1  1 9 3 . 6 5  1 5 8 8 . 7 3  1 8 8 . 7 0  1 5 8 9 . 1 5  1 8 8 . 6 5  
1 5 0 9 . 5 3  1 9 8 . 6 0  1 5 0 9 . 9 1  1 9 8 . 5 5  1 5 4 8 . 5 1  1 9 3 . 6 0  1 5 4 8 . 9 1  1 9 3 . 5 5  1 5 8 9 . 5 7  1 8 8 . 6 0  1 5 8 9 . 9 9  1 8 8 . 5 5  
1 5 1 0 . 2 9  1 9 8 . 5 0  1 5 1 0 . 6 7  1 9 8 . 4 5  1 5 4 9 . 3 2  1 9 3 . 5 0  1 5 4 9 . 7 2  1 9 3 . 4 5  1 5 9 0 . 4 1  1 8 8 . 5 0  1 5 9 0 . 8 3  1 8 8 . 4 5  
1 5 1 1 . 0 5  1 9 8 . 4 0  1 5 1 1 . 4 3  1 9 8 . 3 5  1 5 5 0 . 1 2  1 9 3 . 4 0  1 5 5 0 . 5 2  1 9 3 . 3 5  1 5 9 1 . 2 6  1 8 8 . 4 0  1 5 9 1 . 6 8  1 8 8 . 3 5  
1 5 1 1 . 8 1  1 9 8 . 3 0  1 5 1 2 . 1 9  1 9 8 . 2 5  1 5 5 0 . 9 2  1 9 3 . 3 0  1 5 5 1 . 3 2  1 9 3 . 2 5  1 5 9 2 . 1 0  1 8 8 . 3 0  1 5 9 2 . 5 2  1 8 8 . 2 5  
1 5 1 2 . 5 8  1 9 8 . 2 0  1 5 1 2 . 9 6  1 9 8 . 1 5  1 5 5 1 . 7 2  1 9 3 . 2 0  1 5 5 2 . 1 2  1 9 3 . 1 5  1 5 9 2 . 9 5  1 8 8 . 2 0  1 5 9 3 . 3 7  1 8 8 . 1 5  
1 5 1 3 . 3 4  1 9 8 . 1 0  1 5 1 3 . 7 2  1 9 8 . 0 5  1 5 5 2 . 5 2  1 9 3 . 1 0  1 5 5 2 . 9 3  1 9 3 . 0 5  1 5 9 3 . 7 9  1 8 8 . 1 0  1 5 9 4 . 2 2  1 8 8 . 0 5  
1 5 1 4 . 1 0  1 9 8 . 0 0  1 5 1 4 . 4 9  1 9 7 . 9 5  1 5 5 3 . 3 3  1 9 3 . 0 0  1 5 5 3 . 7 3  1 9 2 . 9 5  1 5 9 4 . 6 4  1 8 8 . 0 0  1 5 9 5 . 0 6  1 8 7 . 9 5  
1 5 1 4 . 8 7  1 9 7 . 9 0  1 5 1 5 . 2 5  1 9 7 . 8 5  1 5 5 4 . 1 3  1 9 2 . 9 0  1 5 5 4 . 5 4  1 9 2 . 8 5  1 5 9 5 . 4 9  1 8 7 . 9 0  1 5 9 5 . 9 1  1 8 7 . 8 5  
1 5 1 5 . 6 3  1 9 7 . 8 0  1 5 1 6 . 0 2  1 9 7 . 7 5  1 5 5 4 . 9 4  1 9 2 . 8 0  1 5 5 5 . 3 4  1 9 2 . 7 5  1 5 9 6 . 3 4  1 8 7 . 8 0  1 5 9 6 . 7 6  1 8 7 . 7 5  
1 5 1 6 . 4 0  1 9 7 . 7 0  1 5 1 6 . 7 8  1 9 7 . 6 5  1 5 5 5 . 7 5  1 9 2 . 7 0  1 5 5 6 . 1 5  1 9 2 . 6 5  1 5 9 7 . 1 9  1 8 7 . 7 0  1 5 9 7 . 6 2  1 8 7 . 6 5  
1 5 1 7 . 1 7  1 9 7 . 6 0  1 5 1 7 . 5 5  1 9 7 . 5 5  1 5 5 6 . 5 5  1 9 2 . 6 0  1 5 5 6 . 9 6  1 9 2 . 5 5  1 5 9 8 . 0 4  1 8 7 . 6 0  1 5 9 8 . 4 7  1 8 7 . 5 5  
1 5 1 7 . 9 4  1 9 7 . 5 0  1 5 1 8 . 3 2  1 9 7 . 4 5  1 5 5 7 . 3 6  1 9 2 . 5 0  1 5 5 7 . 7 7  1 9 2 . 4 5  1 5 9 8 . 8 9  1 8 7 . 5 0  1 5 9 9 . 3 2  1 8 7 . 4 5  
1 5 1 8 . 7 1  1 9 7 . 4 0  1 5 1 9 . 0 9  1 9 7 . 3 5  1 5 5 8 . 1 7  1 9 2 . 4 0  1 5 5 8 . 5 8  1 9 2 . 3 5  1 5 9 9 . 7 5  1 8 7 . 4 0  1 6 0 0 . 1 7  1 8 7 . 3 5  
1 5 1 9 . 4 8  1 9 7 . 3 0  1 5 1 9 . 8 6  1 9 7 . 2 5  1 5 5 8 . 9 8  1 9 2 . 3 0  1 5 5 9 . 3 9  1 9 2 . 2 5  1 6 0 0 . 6 0  1 8 7 . 3 0  1 6 0 1 . 0 3  1 8 7 . 2 5  
1 5 2 0 . 2 5  1 9 7 . 2 0  1 5 2 0 . 6 3  1 9 7 . 1 5  1 5 5 9 . 7 9  1 9 2 . 2 0  1 5 6 0 . 2 0  1 9 2 . 1 5  1 6 0 1 . 4 6  1 8 7 . 2 0  1 6 0 1 . 8 8  1 8 7 . 1 5  
1 5 2 1 . 0 2  1 9 7 . 1 0  1 5 2 1 . 4 0  1 9 7 . 0 5  1 5 6 0 . 6 1  1 9 2 . 1 0  1 5 6 1 . 0 1  1 9 2 . 0 5  1 6 0 2 . 3 1  1 8 7 . 1 0  1 6 0 2 . 7 4  1 8 7 . 0 5  
1 5 2 1 . 7 9  1 9 7 . 0 0  1 5 2 2 . 1 8  1 9 6 . 9 5  1 5 6 1 . 4 2  1 9 2 . 0 0  1 5 6 1 . 8 3  1 9 1 . 9 5  1 6 0 3 . 1 7  1 8 7 . 0 0  1 6 0 3 . 6 0  1 8 6 . 9 5  
1 5 2 2 . 5 6  1 9 6 . 9 0  1 5 2 2 . 9 5  1 9 6 . 8 5  1 5 6 2 . 2 3  1 9 1 . 9 0  1 5 6 2 . 6 4  1 9 1 . 8 5  1 6 0 4 . 0 3  1 8 6 . 9 0  1 6 0 4 . 4 6  1 8 6 . 8 5  
1 5 2 3 . 3 4  1 9 6 . 8 0  1 5 2 3 . 7 2  1 9 6 . 7 5  1 5 6 3 . 0 5  1 9 1 . 8 0  1 5 6 3 . 4 5  1 9 1 . 7 5  1 6 0 4 . 8 8  1 8 6 . 8 0  1 6 0 5 . 3 1  1 8 6 . 7 5  
1 5 2 4 . 1 1  1 9 6 . 7 0  1 5 2 4 . 5 0  1 9 6 . 6 5  1 5 6 3 . 8 6  1 9 1 . 7 0  1 5 6 4 . 2 7  1 9 1 . 6 5  1 6 0 5 . 7 4  1 8 6 . 7 0  1 6 0 6 . 1 7  1 8 6 . 6 5  

Colourless Solution

>30 part numbers reduced to 1



Colourless Approaches

Two options 

• Tuneable lasers
-for ultimate network flexibility 

• Reflective Architecture
- DWDM but without needing lasers in customers ONU



PIEMAN * Tuneable ONU Tx
Functional Requirements

Unit SpecificationParameter

Gb/s 10Bit rate

nm 1530 - 1542.8Wavelength

- NRZTransmission format

GHz 50Channel spacing

dBm +5dBmMean launched power 

ns 4Maximum Tx enable

ns 4Maximum Tx disable

dB > 10Extinction ratio (under 
data modulation)

dBm 45dBm Inter- burst residual 

> 10dBPower leveling

Coarse
l �V�H�W

Output

EAM 
bias

Data SOA 
bias

SOA
gating

RSOA EAM
SOA 
Post 
Amp

Reflector &
Tuning Filter

RSOA
bias

Coarse
l �V�H�W

Output

EAM 
bias

Data SOA 
bias

SOA
gating

RSOA EAM
SOA 
Post 
Amp

Reflector &
Tuning Filter

RSOA
bias

•100km Reach
•512 way split
•10Gbit/s
•32 wavelengths

* PIEMAN is EU 6th Framework Project with partners BT,ALU,NSN,CIP,IMEC &UCC



Impact of Device Yield on Cost 
of Transmitter to Meet PIEMAN 

Specification
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Hybrid Approach For 
Lowering Tuneable Cost

• Monolithic integration of active devices when 
device yield and performance proves acceptable

• Mode expanded active devices to relax optical 
alignment

• Silicon optical bench to align and mount piece 
parts to enable future automated assembly

• Simple athermal external cavity laser has 
wavelength stability needed for 50GHz grid

• Consumer electronics Piezo micromotor
provides “set and forget” tuning. Simplifies 
wavelength management across the PON 



“Set and Forget” Tuneable 
Laser

Intrinsic wavelength stability –remains on set wavelength (even after 
power outage) but without internal locker or network based wavelength 
control
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(see ECOC 2009  “ Upstream burst-mode operation of a 100km reach,16x 512 split hybrid DWDM-TDM 
PON using tuneable external cavity lasers at the ONU-side” )



Reflective DWDM 
Architecture

Receiver
Reflective
Modulator

Multi-wavelength laser or
Broadband source

AWG AWG

Downstream only shown ( typically symmetric for U/S & D/S)



WDM-PON Application

multi-wavelength 
laser

Receivers

REAM
array

AWG

multi-wavelength 
laser 

Cyclic AWG
� j1

RSOA 
Modulator

Receiver� j1 N
j�to

AWG � j1

� k1
� kN� k1

� k1

to

Central Office    OLT
Customer ONU

Cabinet

� k1



Reflective SOA 

– Based on a buried heterostructure (BH) multi quantum well (MQW) 
design structure

– ultra low facet reflectivity, angled waveguide (10°) and integrated 
mode expander to prevent unwanted reflections

– Coaxial pigtailed package or TO-CAN: for low cost bidirectional (BiDi) 
assemblies

– Chip can be modulated up to 2.4Gbit/s



Integrated SOA-REAM

• “Best of both worlds”, gain of SOA with speed of EAM
• Fibre coupling loss <1dB
• Small signal bandwidth ~ 15GHz
• Extinction ratio >10dB across C-band
• Low PDG <1dB

10Gbit/s
eye

SOA section EAM section

-6

-7

-8

-9

-10

-11
-12

-35.0 -34.0 -33.0 -32.0 -31.0 -30.0 -29.0

Received Power (dBm)

Lo
g(

B
E

R
)

10Gbit/s BER over 
80km and B-to-B

See ECOC2009 “Colourless 10Gb/s Reflective SOA-EAM with Low 
Polarization Sensitivity for Long-reach DWDM-PON Networks”



Reflective Electro-absorption 
Modulator Arrays for OLT Tx
•10Gbit/s
•Low drive power ( <3V drive voltage)
•Design optimised to reduce optical coupling losses  
•Arrays can be hybrid integrated for OLT application 
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100mm

HyBoard 32 Channel Laser 
for Reflective DWDM 

• 32 channel DWDM laser
• 50GHz channel spacing
• Stability +/- 2.5GHz
• Linewidth <100kHz
• RIN <-140dB/Hz
• >0dBm output power per 

channel
• 15dB channel power levelling
• Lasers individually 

addressable
• Scaleable to larger channel 

count or different channel 
spacing

Array 
lasersOutput

Planar silica 
AWG
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ECOC2009 “Operation of an Integrated DWDM Comb Source in a Reflection Modulated WDM-PON System”



Hybrid Integration Example *

Silica on silicon 
Motherboard chip with
waveguide circuit. 

Silicon daughterboard
Semiconductor optical 
amplifier array (SOA)

Passive pigtailing
arrowhead

(*example shown is a twin channel 40Gbit/s optical regenerator)



Hybrid Integration Potential 
for WDM-PON OLT 

� kN

Multi-wavelength 
laser

Receivers

Reflective
Modulators

AWG

Multi-wavelength 
laser 

� j1

� j1 N
j�to

AWG

� k1

to
� k1

Receiver
HyBoard
Array

� kN

Seed Wavelengths

to
� k1

� kN

From ONU’s

To ONU’s

Transmitter 
HyBoard
Array

Features

-50GHz grid (100G or 200G possible)
-Groups of 8,10, 16, 32 or more 
channels
-REAM array has low power  
consumption (<50%of DWDM  
XFP Tx)
-Multi-wavelength laser can be 
shared over multiple PON’s
-Footprint <33% then XFP stack



Summary & Conclusion

• DWDM in Access requires colourless technology
• Tuneable architecture has greatest flexibility and 

long term potential. Progress is being made to 
tackle the formidable cost challenge.

• Reflective architecture simplifies ONU and 
opens up new integration possibilities for OLT 

• To achieve the required performance at an 
acceptable cost a combination of both hybrid 
and monolithic integration is needed. The 
balance is a moving target.


