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• Optical powering is a small project I 
started in 2022 with my engineer at RU 

• After years of interests in optical data 
transmission using integrated 
photonics, I start to initiate a project 
within the Netherlands, and with 
collaborators in DRD7 at CERN 

• Ultimate goal: reduce detector 
complexity & material budget, 
realising ultra-compact detector 
design - ideal for vertex and tracker 

• Inside the NL: common interests in the 
Nikhef and its partners in optical 
power and integrated photonics 
readout solutions

Brief introduction
The team & the status
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Brief about me:  
- trained in physics  
& engineering 
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(ATLAS HGTD, 
DRD3 and DRD7), 
physics analysis 
(ATLAS exotics)



๏ Beloved features: 

๏ Low mass, low noise, good spatial/time 

resolution, good coverage

๏ A complex system requiring intense 

engineering care on:

๏ Grounding and shielding

๏ Power circuit (parallel -> series to 

support that many channels, generating 
the so-called AC powering scheme)


๏ Signal acquisition

• digital signals bi-directional in the 

chain: ASIC <-> cable <-> end-of-
stave PEB <-> (lp)GBT <->   
VTRx <-> FELIX <-> server


๏ Integrated photonics has a good prospects 
at system level to release bottlenecks to 
build a vertex detector with all the wanted 
features 

Vertex detector 
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IBL

IBL insertion IBL stave

Silicon photonics/fibre
electronics/copper



๏ the “new” series powering scheme helps to reduce the material to a large 
extend, though not exclusively

Wanted features
High-granularity & low-mass
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ATLAS-TDR-030



๏ Long cables length from wall power plugs to the powering targets - sensor, ASIC 
and peripheral electronics (incl. lpGBT/GBT, VTRx)


๏ Power dropping — trade-off with extra coppers

Current Powering scheme
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A stave

A sensor module

On module power board

DCDC

approximately

https://indico.cern.ch/event/1223224/attachments/2563801/4419519/HGTD_PEB_PDR.pdf


Data Transmission with MZM
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๏ MZM - interferometric structure - 
radiation hard, reliable data 
transmission


๏ Topic in DRD7 (under new link 
techniques)

๏ Ring modulator dev at CERN is 

chosen to be focused on

๏ At Nikhef: Allied with my Nikhef 

colleague Ernst-Jan Buis (optical 
sensing expert), who has a pattern 
on ring modulator sensor, with which 
we wish to build a detector together

7.2. MAIN DRIVERS FROM THE FACILITIES 155

Must happen or main physics goals cannot be met Important to meet several physics goals Desirable to enhance physics reach R&D needs being met
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DRDT

Novel microelectronic technologies, devices, materials 
Silicon photonics
3D-integration and high-density interconnects
Keeping pace with, adapting and interfacing to COTS

 4D-
techniques

Figure 7.1: Schematic timeline of categories of electronics together with DRDTs and
R&D tasks. The colour coding is linked not to the intensity of the required e↵ort but
to the potential impact on the physics programme of the experiment: Must happen or
main physics goals cannot be met (red, largest dot); Important to meet several physics
goals (orange, large dot); Desirable to enhance physics reach (yellow, medium dot); R&D
needs being met (green, small dot); No further R&D required or not applicable (blank).

reduce pixel pitch and increase functionality. These industrial advances can provide
the means to enhance or even revolutionise the performance of future detector readout
ASICs and their interconnection to high granularity detectors.

Commercial communications and data processing technologies continue to evolve
rapidly. Optical links are now ubiquitous in homes, o�ces and data centres and enable
massive data transfers across the globe. Data-processing technologies are using increas-
ingly specialised co-processing, stream-processing, and multi-processing architectures,
as opposed to more powerful single devices. The di�culty in HEP will be in keeping
pace with these extremely complex new developments, which unlike today’s FPGAs are
largely proprietary and not typically available for use in custom developments.

These considerations feed into a number of recommendations discussed in Chap-
ter 10, while the technical R&D themes are detailed later in this section and summarised
in Chapter 11. As discussed below, for the timeline illustrated in Figure 11.1 R&D on
DRDT 7.1, DRDT 7.2, DRDT 7.3, and DRDT 7.5 is essential to realising the facilities
listed in Figure 3 and Figure 4 of the Introduction, all the way through to the FCC-
hh/muon collider era. For DRDT 7.4 there is the particular challenge of the two orders

ECFA

lpGBT documentation

PoS(TWEPP2019)053 

https://cds.cern.ch/record/2809058
https://pos.sissa.it/370/053/


๏ To power the electronics: it looks like we fit

๏ DCDC converter at stage3: bPOL12V - 

ripple required 20mV pp

๏ LV DC to power ASIC on sensor: ripple 

required 5mV pp

๏ Our current ripple: ~4-5mV pp

๏ So to meet requirements for a final 

detector: okay for now

Example ripple requirement & efficiency comparison
An optical power scheme
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https://indico.cern.ch/event/1223224/contributions/5178985/attachments/2564668/4421146/bPOL12v%20in%20PEB.pdf


๏ Goal: compact, lightweight but high 
performance detector - starting point on 
marrying photonics technology to detector


๏ Split into two directions:

๏ Power-over-fiber  

(project started) 
๏ Integrated photonics in DAQ  

(project incubating) 
๏ NB: strong interests in wireless data 

transmission - but very limited 
experience on this. 

๏ Current prototype:

๏ In-house laser driver board 
๏ In-house PV-cell carrier board 
๏ Both laser and PV-cell off-shelf 
๏ Good single point data seen in 

oscilloscope 
๏ Comparable to data collected  

with a commercial laser

Lab Demonstrator Status
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LGAD

Si PV  
cell

926 nm Laser

W/ 
commercial 
laser board

8



Collaborating with material physicist
Moving to III-V PV cells
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๏ Oct/Nov 2025: received some first 
samples to try out

๏ Plan: RU AMS department has a fully 

equipped lab incl. crystal growth 
capabilities, if first demonstrator works 
out, we aim to work out a radiation-
hard and efficient cell together for HEP 
application.

๏ August/September 2025: initial 
collaboration with assoc. Prof. 
Schermer on group III-V PV cells 
(GaAs, GaInP) - so far highest 
efficiency (~68% in lab) PV cell, 
however, band cap may cause 
concern on radiation hardness 
๏ The latest DUNE PoF project opted 

also to GaAs PV cells (for cold and 
warm electronics)

FERMILAB-PUB-24-0265-AD-ETD-LBNF

https://lss.fnal.gov/archive/2024/pub/fermilab-pub-24-0265-ad-etd-lbnf.pdf

