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Outline
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• Some History of Link Development @ FNAL

• Anatomy of Link and Components (Versatile Link 
Plus)

• Specifications and Measurements

• Demonstration System Testing

• What (Might Be) Next?
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Some History
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CMS Phase 1 FPix (SMF @ 400 Mbps)
Design, Production, and Qualification

Versatile Link Common Project 
MMF, SMF @ 4.8 Gbps
Single Channel or VTTx (Twin Transmitter)

Versatile Link Plus 
MMF Only
Multichannel
Asymmetric Link Rates)
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Anatomy of a Link – Example: Versatile Link Plus
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Versatile Link Plus

Parameter Symbol Min Typ Max Units

Bit Rate (uplink) BR(U) 5.0 10 Gbps

Bit Rate (downlink) BR(D) 2.5 TBD Gbps

Bit Error Ratio1 BER 10-12

Link length L 50 150 meterRef 1
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Specifications and Measurements
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Eye pattern measurements
OMA (dBm)
Rise/Fall Time (ps)
Extinction Ratio (dB)
Eye Opening (% of OMA)

Jitter measurements
Random Jitter (Gaussian, rms)

Deterministic Jitter (peak to peak)
Duty Cycle Distortion
Period Jitter
Data Dependent Jitter

Bit Error Rate Testing
Determine Threshold of
Acceptable Error Rate

Link and Component Specifications

Electrical Operating Specifications
Optical Operating Specifications
Environmental (PS, Temp, Rad., B Field)

Specification Documents Created for All
Components in the Project

+
System Level Specification

Impairments
Dispersion
Bandwidth Limitation
Laser Spectral Width
Attenuation

Link Modelling (IEEE Standard
Calculation Spreadsheet)

Power Budget                          “minus”
Tx OMA – Rx Sensitivity

Total Jitter = DJ + aRJ
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KBERT (LpGBT Firmware) Downlink BER Curve -
VTRx +  (2.5 Gbps) 5E+11 bits (PRBS7)

VTRx + GBT Encoded

VTRx + GBT Encoded

VTRx + GBT Encoder
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Link Level Testing for VL+
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VTRx+ v4

Multi Channel
RxMPO12

MPO12

MPO12

MPO12

Test Configuration (~ 70 m for CMS Outer Tracker Geometry)

CERN Supplied Breakout

Rad Hard Single Fibers 
(2 channels to test)

OM3 Ribbons

KC705 (KBERT)

Electrical Differential (1 pair at a time)Electrical Differential (1 pair at a time)

Multi Channel
Tx

KBERT Implements FEC Encoding of lpGBT @ 10.24 Gbps
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What (Might Be) Next? – Multi-Level Signalling
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Ref 2

Ref 3
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What (Might Be) Next? – WDM
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What (Might Be) Next? – WDM + Si Photonics
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Ref 4

Ref 5
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What (Might Be) Next? – Free Space Optics
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Ref 4
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What (Might Be) Next? – Free Space Optics (earlier test @ FNAL)
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10 Gb/s 
Optical Tx

Silicon 
Detectors

10Gb/s 
Optical 
Receivers

~10-
50cm

~50-100 
cm

~100-150 
cm

Beam Line 
Center

CWDM MuxSi

FPGA-Based BER Testing Board

CWDM DeMux

l4

l1

Si

Receive
Lens

Transmit
Lens

l4

l1

Test Bench with Optics and Silicon Slices

• Optical fibers removed from detector volume
• Transmission through free space or silicon

Silicon Silicon (no metal; ~1 mm)

Receiving
Lens
(to Demux)

Transmitting
Lens
(from Mux)

Ref 6
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