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Outline
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• Optical link block diagram

• Optical readout development steps

• Silicon Photonics Circuits co-packaged with Timpepix4

• VTRx+ “baking and outgassing” test

• Conclusions and next steps



VELO data link straw man
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• Fibre optic link between front-end and back-end

• Control and timing using the Versatile Link + (VL+) and lpGBT

• Detector readout based on VL+ or Silicon Photonics (SiPh) optical transmitter
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Prototype module (Timepix4/Picopix) development steps
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Step 1 (Timepix4) Step 2 (PicoPix)
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Photonic Integrated Circuit (PIC)
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More details in TWEPP 2024 

More on ELS in Dan’s talk

Tx channel

https://iopscience.iop.org/article/10.1088/1748-0221/20/02/C02043
https://indico.cern.ch/event/1535828/contributions/6531687/


Timepix4–SystemPIC co-packaging
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• Photonic integrated circuit (PIC) chiplet connected to the Timepix4 serializer output

• Optical transmitter implemented by a micro-ring modulator directly connected to one of the SERIAL_OUTs

• Serial output signals accessible through the bond pads at the periphery

• Two connectorized fibers: one to couple in the DC Laser source, the other one to pick-up the modulated optical signal

• One electrical connector for the resonance wavelength tuning of the µ-ring modulator 

Single-mode fibre

µ-heater

terminals

Timepix4_v0 FMC connector

Power

DC laser source

Modulated output

Bond pads

carmelo.scarcella@cern.ch     13 June 2025



Optical subassembly
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• Assembly steps:

• PIC sub-dicing

• Pic thinning from 720 µm down to 200 µm

• Active alignment of fiber array to input coupler

• Dispensing and curing UV cure epoxy at the PIC-fiber interface

• For VELO U2

• Target PIC footprint ≈ 2.5 mm x 2.5 mm

• Low profile two-channel fiber array

• Fellow working on photonic packaging joined CERN EP-ESE in June 2025  
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Wire bonding
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• The optical sub-assembly was mounted back-to-back with the Timepix4 and fixed onto the board using Silver epoxy

• Wedge-wedge wire bonds using 25 µm diameter gold wire

• One ring modulator was connected to the Serial_Out[2] of the Timepix4

• The µ-heater contacts of the ring modulator were bonded to the PCB, enabling external control on the resonance wavelength 

Timepix4_v0

GND

OUT[1]

Ring modulator

Channel 1 

Waveguide

µ-heater connections

Side view
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Measurement results

• Measured PRBS31 data patterns up to 10.24 Gb/s

• Substantial jitter and noise present in the voltage output signal of the serial output stage

• The Timepix4 output not designed to directly drive ring modulators – ≈ 1.2 V Vpp modulation voltage swing

•  SPRINT - Silicon Photonics Radiation-tolerant Integrated Transmitter More in Xavi’s talk

• Being designed within the EP R&D WP6 project on high-speed links, will be integrated into PicoPix

• Quad modulator driver 25.6 Gb/s per channel

• Targeting 3.6 Vpp modulation voltage swing

• Integrated circuitry for automatic resonance wavelength tuning of ring modulators

PRBS31 2.56 Gb/s PRBS31 10.24 Gb/sPRBS31 5.12 Gb/sElectrical eye 5.12 Gb/s
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https://indico.cern.ch/event/1535828/contributions/6463210/


VTRx+ outgassing test

• Radiation tolerant optical transceiver module

• Nominal data rates when coupled to lpGBT:

• Uplink (FE→BE) up to 4 parallel channels, each running at 5.12/10.24 Gb/s

• Downlink (BE→FE) 2.56 Gb/s



• To be installed in the “beam vacuum environment” components need to go through a “baking” procedure to get rid of water

• LHC pipes baked at 250 °C for 24 hours

• Reducing the temperature involves increasing the baking time

• Possible procedure suggested by the TE-VSC Group: baking components for 96 hours (4 days) at 120 °C

• High temperature, might compromise the integrity of components assembled with epoxies, like the coupling block of the VTRx+

• First step: a batch of 10 VTRx+ went through the baking procedure using the oven in the EP-ESE-BE labs

• From the pre- and post-test, no significant performance degradation was observed

• Second step: test of a new batch of 10 VTRx+ in the CERN TE-VSC labs for outgassing

• The modules went through baking, deep vacuum, and outgassing measurements

• No significant performance change was observed after the outgassing test

• High outgassing rate incompatible with installation in direct contact with the beam

• Residual Gas Analysis (RGA) spectrum showing a clear hydrocarbon contamination

VTRx+ “baking and outgassing”
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2 cm
1 cm
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1. The samples are introduced into the test dome

2. Pump down starts with turbo molecular pumping group and the pressure is recorded

3. The vacuum system is leak checked

4. 144 hours after starting the pumping, the final pressures are recorded, together with RGA analysis
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Pumping time [h] 24 48 96 144 

Pbackground [mbar] 1.20 10-7 6.83 10-8 3.47 10-8 2.34 10-8 

PVTRX+ [mbar] 4.60 10-6 2.30 10-6 1.10 10-6 7.70 10-7 

QTotal [mbarl/s] 5.2 10-5 2.6 10-5 1.2 10-5 8.6 10-6 

Qunit [mbarl/s] 5.2 10-6 2.6 10-6 1.2 10-6 8.6 10-7 

 

Outgassing rate:

QTotal = Psample − Pbackground  × Seff,H2O 

Qunit =QTotal/10

Effective pumping speed for water:  Seff,H2O = 11.6 l/s

Description of the vacuum acceptance test



Test of the unbaked components
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• Mass scan after 144 hours of pumping with a QMA200 Prisma in Faraday mode at a pressure of 1.6 10-5 mbar

• Due to the contamination the pressure increased significantly when the RGA filament was switched on
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GAS ANALYSIS PUMP DOWN PROFILE



DESCRIPTION OF THE VACUUM ACCEPTANCE TEST
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5. A full 48-hour bake-out at 100 °C is carried out

6. 48 hours after the TB has reached room temperature, the final pressure is recorded together with an RGA analysis

7. Steps 5 & 6 were repeated at 120 °C 

Two consecutive 48 hours bake-out at 100 °C and 120 °C were performed without intermediate venting
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Temperature [oC] 100 120 

Pbackground [mbar] 5.0 10-10 5.0 10-10 

PVTRX+ [mbar] 1.9 10-8 1.5 10-8 

QTotal [mbarl/s] 1.7 10-7 1.4 10-7 

Qunit [mbarl/s] 1.7 10-8 1.4 10-8 

 

Mass scan at Room temperature 48 hours after bake-out with a 

QMA200 Prisma in SEM mode (1400V)

Outgassing rate:

QTotal = Psample − Pbackground  × Seff,H2O 

Qunit =QTotal/10

Effective pumping speed for nitrogen:  Seff,N2
 = 9.3 l/s



Liquid contamination released during the test 
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• Transparent liquid contamination was present onto the samples and the walls of the 

vacuum chamber when it was open after the two bake-outs 

• The modules were first cleaned with cleanroom wipes and IPA and then tested
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Pre- and post-test  VTRx+ performance
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• The VTRx+ optical modules functional parameters were measured before and after the outgassing test in the EP-ESE labs

• No significant degradation was induced by bake-out and deep vacuum test
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Optical modulation amplitude (OMA ) for the 40 tested 

transmitter channels

Receiver sensitivity for the 10 tested 

receiver channels

OMA



Conclusions and next steps
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• The first step of the link development for the VELO Upgrade 2 is based on the existing Timepix4

• Proof of concept of PIC co-packaging with particle sensor readout chips (ROCs)

• Measured PRBS31 data up to 10.24 Gb/s

• Second step is based on the PicoPix that will integrate at the serialiser output a dedicated driver (SPRINT) which is 

optimized to operate Silicon Photonics ring modulators

• New PIC being designed in EP-ESE with layout specifically tailored to the PicoPix implementation

• Targeted submission date: 17th September 2025

• A test carried out on the VTRx+ by the CERN TE-VSC (Vacuum and Surface Coating) Group revealed high outgassing 

rate of the module, and the residual gas analysis (RGA) shows substantial hydrocarbon contamination

    “Therefore, the tested samples are considered NOT acceptable for installation in the LHC beam vacuum system”

‒ Expert from the CERN TE-VSC Group ‒
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Backup slides
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Silicon Photonics links for High Energy Physics
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Particle sensor

PIC

Photodiode

Modulator

Fiber coupler

System concept under development in the
EP R&D WP6 project

More details in TWEPP 2024 contribution:

https://indico.cern.ch/event/1381495/contributions/5988694/

https://iopscience.iop.org/article/10.1088/1748-0221/20/02/C02043

• Photonic Integrated Circuits (PICs)

• Chiplet fabricated using CMOS process

• Fiber couplers, optical waveguides, modulators, photodiodes

• Radiation tolerant

• Wavelength division multiplexing:

• Lane: 25 Gbps NRZ

• Fibre: 100 Gbps

• COTS 100G CWDM4 QSFP28 off-detector

• Laser sits outside of radiation environment

• Wavelength 1300 nm

• Transparent window for Silicon

• COTS External Laser Source

• Low power / Low mass
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https://indico.cern.ch/event/1381495/contributions/5988694/
https://iopscience.iop.org/article/10.1088/1748-0221/20/02/C02043


Test setup
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• The measurement setup involves:

• SPIDR4 system

• External laser source

• Voltage source for µ-heater biasing

• Oscilloscope with optical head

Optical head

SPIDR4

Timepix4

Voltage source
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The Versatile Link PLUS in a nutshell
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• The Versatile Link PLUS project (VL+) targets the phase II upgrades of the ATLAS and CMS experiments

• VTRx+ in production (~ 60,000 units)

• Data rate when coupled to lpGBT:

• Uplink (FE→BE) up to 4 parallel channels, each running at 5.12/10.24 Gb/s

• Downlink (BE→FE) 2.56 Gb/s

• Radiation tolerance levels: 1 MGy TID, and 1 ·1015 n/cm2 fluence

• Specifications on EDMS: https://edms.cern.ch/document/1719329/1

2 cm
1 cm≤ 5 multimode fibres

< 150 m

FE

On-Detector Custom 

Electronics & Packaging 

Radiation Hard 

BE

Off-Detector

Commercial Off-The-Shelf (COTS) 

Custom Protocol
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https://edms.cern.ch/document/1719329/1


Si µ-ring modulator
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• Small footprint (radius ~ 5µm)

• Acts like a voltage-controlled wavelength filter

• Optically narrowband (< 1nm)

• Thermally sensitive (< 1 K)

Input
laser

CERN custom design

10 µm

V

Waveguide cross-section

Reverse biased pn Junction

+-

Electrical contacts

Waveguide

V0

V1

Electrical

data

Optical dataInput laser

Δλ(V)

p-n junction
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From 17 °C to 34 °C

Resonance wavelength tuning
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• Ring modulators are highly selective wavelength filters

• Resonance wavelength (λres) influenced by temperature and fabrication

• λres needs to be aligned to the input laser

• Thermo-optic effect in Silicon to adjust λres (Δλres ~70 pm/°C) 

• Tungsten µ-heater on top of the ring waveguide for local and active tuning of λres

λres

Input laser

SiO2

µ-heaterSi waveguide

10 µm

input laser

20 µm

Temperature

300 K

400 K
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Control system for wavelength stabilisation
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• Goal is to build a system that automatically locks the ring to the input laser wavelength

• This requires measurement of photodiode average current and steering of heater current

• Fellow in EP-ESE-ME working on the controller ASIC, that will be included in the Picopix

• Fellow in EP-ESE-BE working on an FPGA based emulator

Electrical

Data in
µ-heater

Optical data out
Input laser

Δλ(V)

Photodiode

PID controller

Δλ(T)

Drop port

+

-

errorsetpoint
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Proof of concept stabilisation test results
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Temperature sweep 

Ring modulator test board in a climatic chamber

Control OFF

Wavelength sweep 

Tunable laser scan in a wide wavelength range 

Control OFF

Control ON Control ON

The controller keeps the modulator resonance locked to the laser wavelength to produce constant and maximum OMA

Controller concept demonstrated with discrete components

OMA
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