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Photonic-copper mix study
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Using VDSL2 in the riser
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General diagram photonic-copper mix
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Branch cable: n x λ in one fibre, 1 x 10kV power line
Main cable: m fibres, 1 x 10kV power line
n = number of lines on 10kV branch (<60)
m = number of branches
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VDSL2 Channel
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Data with Plain Old Telephone Service (POTS) service application
Model for remote deployment with splitter

(ITU G.993.2 standard figure 5-7)
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VDSL2 Spectrum
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VDSL2 structure
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Source:
http://www.infineon.com//upload/Document/VDSL2_WP_072005_v1.1.pdf

Rate/Reach Performance

500 Meter VDSL2:
100 Mbit/s downstream 10 Mbit/s upstream

100BaseT

One twisted pair
1000BaseT
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General properties
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• Attenuation 24 AWG (0.5 mm copper)

• Bit Error Rate
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VDSL2 power levels
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Custom KM3Net
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Calibration in general

pdtt +0

Optical
Module

Shore
Station

0t
Time

pdtt 20 +

Shore
Station

Optical
Module

Shore
Station

• Local Clock stamp => Need local time calibration
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Calibration with
photonic-copper mix
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• fixed latency between the data and the RxRecClk
=> The Calibration pulse may be encoded in the 8B/10B 
data, for example via Carrier Extend sequence

1110101000x
K23.7

xxxxxyyyy
Dx.y

00111110101
K28.5

001000101
D16.2

0011111010
K28.5

Bit Clk

RxRecClk

Data

Carier Extend Calibrate

Calibrate

Calibration over optical channel
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VDSL2 Calibration message determines 50 MHz period (= n * 20 ns)
50 MHz phase (zero crossing) determines < 1 ns
Thus propagation delay is known with < 1 ns accuracy.

Calibration over copper channel

50 MHz
Reference

0t pdtt +0

Base of
Line

Optical
Module

Time

Calibration pulse
At exact known

phase!
(zero crossing)

VDSL2 Calibration
Message

Time uncertainty < 20 ns

50 MHz phase
Jitter < 1 ns
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Calibration over copper channel

• Need to know propagation delay from the base to the optical module.
• Use a second (phase locked) reference signal for calibration from 

Optical Module to the Base of Line.
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Progress of photonic-copper mix
• Copper in the riser seems possible, it needs a single 

twisted pair to each Optical Module 
• VDSL2 chipsets are in production, detailed 

documentation is under disclosure
• Attenuation of copper twisted pair needs attention
• A copper transmission system needs rather complex 

electronics
• EMC is a point of concern

Near future:
• Nikhef has a disclosure agreement with Infineon and 

gets a set of VDSL2 evaluation boards 


